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X.  SUMARY 

MMMMH NM 

A.  This  quarterly  summary  covers  research  conducted  in  partial  ful- 
fillment of  Contract  N7onr-l*62,  Task  Order  I,  during  the  period  from  16 
November  1952  through  15  February  1953.* 

D.  The  mom  important  results  are  summarized  below* 

1.  Chain-transfer  studies  of  nitro  compounde  have  been  con- 
cluded with  the  final  determination  of  the  chain-transfer  effects  of  bromo- 
trlnitromethane.  The  results  obtained  to  date  are  adequate  to  explain  the 
irregularities  in  the  polymerization  of  nitz-omonomars.  A epecial  report  on 
thin  subject  will  bo  issued  in  the  near  future. 

2.  A thorough  study  of  the  polymerization  of  2,2-dinitrobutyl 
acrylate  hae  been  etarted.  This  study  is  important  for  the  development  of 
formulations  with  both  nitropolymers  and  Inorganic  oxidizers. 

3.  The  study  of  the  catalytic  effect  of  chelated-matal  compounde 
on  polyurethane  formation  hao  boon  continuod.  Rate  studies  have  revealed  that 
ferric  acetylacetonate  is  the  moot  effective  catalyst  for  nitropolyurethane 
formation.  It  acta  about  27  times  faster  than  vanadyl  acetyl  aoatonate. 

l*.  Stability  studies  on  postnitrated  polyurethanes  have  been 
continued.  It  has  been  found  that  a sustained  washing  of  polyurethane  I-JN 
with  warm  sodium  bicarbonate  solution  at  elevated  temperature  gives  a stable 
product  without  degi'adation  of  the  polymer  chain. 

5.  Previous  work  revealed  the  dependence  of  the  molecular 
weight  of  nitropolyurethanes  on  the  monomer  concentration.  It  has  been  ob- 
served that  higher  monomer  concentrations  cause  formation  of  insoluble  polymers 
if  the  temperature  during  the  polymerization  is  Allowed  to  rise  too  rapidly  or 
"run  away."  Further  experiments  proved  that  a linear  relationship  exists  be- 
tween monomer  concentration  and  relative  viscosity. 

6.  The  proi  reas  in  polyurethane  formation  is  measured  by  de- 
termination of  the  solution  viscosity.  It  has  been  shown  experimentally  that 
there  is  a close  correspondence  between  solution  viscosity  and  relative  viscosity. 

7.  The  oamoaetrio  determination  of  the  molecular  woight  of 
nitropolymers  Is  being  studied  with  regard  to  possible  errors  in  the  methodj 
in  particular,  the  effect  of  diffusion  of  small  polymers  requires  evaluation. 

8.  Calculations  of  the  specific  impulses  of  mixtures  of  various 
nitropolymers  with  ammonium  nitrate  and  ammonium  porohlorate  show  that  low- 
energy  nitropolymers  can  be  greatly  improved  by  the  incorporation  of  a small 
amount  of  oxidizer. 

^Previous  work  on  this  contraot  was  covered  in  Aerojet  Reports  No.  330,  3U5, 

371,  386,  386a,  i*ot*,  l*l6,  1*17,  1*17A,  U2U,  1*57,  l*6l,  1*60,  1*82 , 1*9U,  U9$,  $1$, 

51*0,  563,  590,  622,  636,  and  663. 
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9»  Formulation  studios  Involving  the  polymori nation  of  nltro- 
acrylates  in  the  presence  of  dispersed  nitropolyurethanss  have  been  con- 
ducted* 2,2-Dinitrobutyl  acrylate  polymerizes  in  the  presence  of  polyurethane 
I-J,  with  which  it  is  incompatible.  However,  neither  2,2-dinitrobutyl  acrylate 
nor  methyl  methacrylate  gave  a cured  product  with  satisfactory  properties. 

10.  A formulation  of  polyurethane  I-A  with  ammonium  nitrate  haa 
boon  prepared  by  molding  a 1:1  mixture  at  150°F  and  7000  Ib/sq  inch.  The 
burning  rate  of  this  composite  at  1000  lb  pressure  at  60°F  was  0.12  in. /sec, 
or  approximately  the  rate  determined  for  the  starting  polyurethane  I-A  alone. 

11.  Warburg-manometer  measurements  and  the  potassium  iodide 
starch-paper  test  are  both  valuable  methods  for  the  determination  of  the 
stability  and  the  acceptability  of  nitropolymers.  Herwevor,  no  correlation 
between  these  two  tests  has  yet  been  found* 

12.  A new  polymerisable  acrvlate,  3, 3~dinifcrobutyl  acrylate,  has 
bean  prepared.  The  new  compound  is  an  isomer  of  the  previously  reported 
2,2-dlnitrobutyl  acrylate. 

13.  3,3-Dinitrobutyrlo  acid,  an  intermediate  for  the  preparation 
of  N-2,2-dinitropropyl  acrylamide,  has  bean  prepared  by  two  procedures: 

(a)  oxidation  of  3, 3-dlnltro butanol,  and  (b)  oxidation  of  5, 5-dinit ro-2- 
pentene. 


lU.  A new  isocyanate,  6-carbomethoxy-h,h-dinitrohexyl  isocyanate, 
has  been  prepared.  This  compound  was  converted  into  the  ester  of  h, U,  12,12- 
tetr«nitro-7,9-diasa-8-keto-pentadeconodioio  acid. 

1$.  The  method  of  preparing  cyclic  kotal  derivatives  of  nitro- 
diols,  by  means  of  boron  tri fluoride  catalysis,  hag  been  applied  to  a number 
of  diolo  ana  extended  to  carbonyl  compounds  other  than  acetone  and  formal- 
dehyde. 

16.  Halo  nitre  compounds  react  rupidly  with  zinc  metal  to  form 

a white  precipitate.  This  precipitate  hus  been  found  to  hydrolyze  upon  treat- 
ment with  mineral  aoid  to  yield  keto  compounds? 

17.  An  intensive  investigation  hae  been  conducted  to  find  a means 
for  converting  readily  the  available  nltrosamines  into  the  corresponding 
nitramines.  However,  no  practical  procedure  has  yet  been  found. 

18.  An  SPIA  data  slwsot  has  boon  prepared  for  polyurethane  I-J, 
from  3, 3-dinitro-l, 5-pentane  dlisocyanate  and  2-nitre-2-methyl-l ,3-propanediol. 

19.  A new  contract  was  recently  initiated  to  conduct  rheological 
and  ballistic  studies  on  nitropolymers.  Up  to  the  present  time  the  major 
effort  on  this  contract  has  been  concerned  with  the  setup  and  calibration  of 
new,  highly  refined  equipment  for  rheological  evaluation.  Accordingly,  no 
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report,  will  bn  made  on  the  work  pt  this  tine.  A oomplefce  report  on  work  con- 
ducted under  Contract  NOaa  53-616-owill  be  presented  in  the  next  quarterly 
nummary. 

IX.  TI3CHNICAL  PROGRESS « N1TR0 POLYMERS 
As  VINYL  POLYli  1H12ATI0N 


1.  Chain-Transfer  of  Nitro  Compounda 
a.  Introduction 

(1)  It  wae  previouely  observed  that  tetranitroraethane 
acted  ae  an  inhibitor  in  the  polymerization  of  methyl  methacrylate  while 
nitroform  behaved  an  a retarder,  allowing  polymerization  to  proceed  at  a re- 
duced rate  with  no  induction  period  being  observed.  The  queetion  arose  ae 
to  the  difference  between  the  reactions  of  the  two  nitro  compounda.  With 
tetranitromethane  the  most  likely  possibility  seemed  loss  of  a nitro  group  with 
a trinitromethyl  radical  stabilized  by  resonance,  e.g., 

f2 

C(N02)1j  ♦ B« ) KMOg  ♦ OjN-C- 


With  nitroform  it  seemed  likely  that  again  the  radical  which  would  be  produced 
would  be  the  one  most  stabilized  by  resonance,  e.g., 


CH(NO?)3  + R» 


-*  RH  + 


°2^ 


NO, 

I 

NO, 


Inasmuch  ae  the  mime  radical  would  be  produced  in  both  cases  it  waa  difficult 
to  explain  the  observed  dl fferonces  during  polymerization. 


(2)  In  an  effort  to  obtain  more  information  regarding 
the  transfer  reaction,  bromotrinltromothone  was  usod  as  a solvont  in  the  poly- 
merization of  methyl  methacrylate.  With  this  nitro  compound  one  would  expect 
scission  of  the  weakest  bond,  the  carbon-bromine  bond. 


b,  Discussion 

(1)  When  bromotrinltromothone  was  added  to  methyl 
methacrylate  it  waa  found  to  transfer  quite  readily.  However,  :Lt  did  not 
inhibit  polymerization.  It  behaved  in  a manner  very  similar  to  nitroform, 
except  that  it  transferred  more  readily.  Another  similarity  to  nitroform  was 
found  upon  plottinf  the  oolvent-to-monomer  rutio  against  the  reciprocal  of  the 
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degree  of  pulverization.  As  with  nitrofom,  * curve  which  inspired  a lower 
chain-transfer  constant  at  a higher  concentration  was  obtained.  As  yet  the 
phenomenon  is  unexplained.  The  data  are  presented  in  Table  I. 

TABLE  I 

POLYMER! NATION  OF  METHYL  l»  JTJ^ACHYLAT^  IN  THd  i'  ESENCE 
OF  RROMOTRINITROMETHANE 


So lvant/Monomer 

% Conversion 

M. 

Jtl 

l/f 

n 

C_. 

0 

2.92 

3.15 

7500 

1.33  x 10~^ 



— 

1.11  x 10"3 

3.05 

0.L6L 

600 

1.U7  x 10"3 

1.2 

2.L6  x 10~3 

3.06 

0.27b 

350 

2. 86  x 10‘3 

1.1 

U.96  x 10“3 

3.33 

0.205 

2LL 

U.10  x 10"3 

0.80 

Average  1.0 


(2)  The  conversion  vs  time  curves  and  l/Fn  vs  S/M 
curve  are  shown  in  Figure n 1 and  2. 

2.  2,2-BinltrobutyI  Acrylate 
a.  Introduction 

(1)  Baaed  on  the  results  of  the  chain-transfer 
study  of  nitro  compounds,  the  trinltrooothyl  group  is  unsuitable  as  a high- 
energy  grouping  in  a vinyl  monomer.  The  high  chain-transfer  of  this  group 
leads  to  polymers  with  low  molecular  weights,  which  ore  brittle  when  molded 
and  tend  to  bn  thermally  unstable.  Such  materials,  even  though  they  possess 
high  speclfio  impulse©,  are  unsuitable  as  propellants  when  used  alone.  The 
specifications  which  would  bo  sot  up  for  a useful  propellant  could  not  be 
met  by  these  low-molecular-weight  polymer*. 

(2)  It  should  be  pointed  out  that  behavior  of  the  tri- 
nit  roenethyl  group  in  a monomer  is  a blow  to  the  synthetic  work  of  the  progrsa. 
Thus,  esters  of  trinitroethanol  are  ruled  out,  and  the  chemistry  of  nitroform 
and  its  reaction  product*  is  no  longer  cf  value  in  making  high-energy  vinyl 
monomers.  New  reactions  must  be  developed  and  new  nitro  groupings  must  be 
synthesized  in  order  to  offset  the  loss  of  the  nitroform  reactions. 

(3)  One  obvious  means  of  obtaining  polymers  of 
higher  molecular  wolght  is  to  use  a monomer  containing  nitro  groups  which 
chain-transfer  lean  readily.  At  the  present  thee,  the  only  monomer  available 
In  sufficient  quantity  for  the  study  of  its  polymerisation  characteristics  is 
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dinitrobutyl  acrylate.  It  la  known  to  polymerise  readily,  giving  a polymer 
with  a moleoular  weight  of  approximately  100,000.  Although  poly-2, 2-dinitro- 
butyl  acrylate  is  too  low  in  epecifio  irapulre  to  be  uned  as  a monopropellant 
it  may  be  of  value  as  a fuel  component  in  composite  propallante  or  as  a coating 
material  in  the  deeeneitlzation  of  RDX.  Currently,  it  is  being  used  in  formu- 
lation work  m a fuel,  with  high-energy  condensation  polymers  as  the  oxidizer 
component. 

(b)  Inasmuch  an  2,2-dinitrobutyl  aoryiate  promises 
to  be  a useful  monomer  it  is  desirable  to  obtain  quantitative  information  re- 
garding its  polymerization.  Hence  a study  was  initiated  to  determine  the  varia- 
tion of  rate  and  molecular  weight  with  catalyst  concentration  and  to  obtain  the 
overall  activation  energy  of  polymerization.  It  was  previously  reported  that 
2,2-dlnitrobutvl  acrylate  produoad  an  insoluble  polymor  upon  polymerization. 1K 
It  was  also  obeerved  that  certain  impurities  inhibited  polymerization.  An  in- 
tensive investigation  was  oarried  out  to  characterize  pure  2,2-dinitrobutyl 
acrylate  and  to  develop  a suitable  prooess  for  producing  it.<H*  Thus,  only 
recently  has  pure  2,2-dinitrobutyl  acrylate  boon  available  in  sufficient  quan- 
tity for  study. 

b.  Discussion 

The  polymerization  of  2,2-dinitrobutyl  aoryiate  is 
being  studied  using  azo-bie-ieobutyronitrile  ae  oatalyet.  Thus  far,  bulk  poly- 
merizations have  been  oarried  out  with  the  results  shown  in  Table  II,  The  re- 
sults are  not  oonei stent,  but  it  is  expected  that  further  work  will  clarify  the 
diecrepanoy. 

TABLE  II 

VARIATION  OF  RATS  OF  POLARISATION  OF  2,2-DINITROBUm  ACRYLATE 
WITH  CONCENTRATION  OF  AZO-bis-ISOBtJT>TtONITRILE 


Catalyst 

Concentration 

Rate 

(mole/litor) 

(mole/liter/sec 

0.0097b 

3.9  x 10“5 

0.0182 

6.1  x lo"- 

0.0272 

6.5  x 10'* 

o»  Experimental 

(1)  The  catalyst  is  weighed  into  a volumetric  flank, 
and  monomer  ie  added  at  20°C  to  the  mark  on  the  flaek.  After  mixing,  "5-ml 

~Tjr • — — — 

Aerojet  Report  No,  590. 

jUL 

Aerojet  Report  No.  622. 

Page  6 


CONFIDENTIAL 


CONFIDENTIAL 


II  Teohnioel  Progress,  A (oont.)  Report  No.  686 


allquota  are  placed  In  18  x 150-nun  Pyrex  test  tubes  which  have  been  cleaned  In 
cleaning  solution  and  thoroui  hly  washed.  The  tubes  arc  purged  with  nitrogen 
and  stoppered  with  rubber  stoppers  encased  in  polythene  film.  The  samples  are 
placed  in  a L5°C  water  bath  and  removed  after  various  time  Intervale.  Upon 
removal,  the  sample  is  cooled  in  dry  ice  and  the  polymor  is  precipitated  by 
pouring  the  sample  into  ca.  100  ml  of  methanol. 

(2)  It  has  been  observed  that  the  polymer  retains 
some  monomer  which  is  difficult  to  removej  the  following  procedure  has  been 
found  to  give  satisfactory  results*.  The  polymer  obtained  from  tha  initial 
precipitation  is  dissolved  in  acetone  (5  ml  for  every  1 g of  polymer),  and 
the  polymer  its  precipitated  by  pouring  the  solution  into  methanol  cooled  with 
dry  ice.  The  polymer  is  then  transferred  to  fresh  methanol  at  room  tempera- 
ture. Tha  dissolved  carbon  dioxide  expands  the  polymer  to  a very  porous 
material.  It  is  removed  from  the  methanol  and  dried  over  P2O5  by  pumping  off 
excess  solvent  at  1 mm  for  several  hours.  The  material  is  obtained  ae  a 
porous,  somewhat  brittle  mass. 

d.  In  order  to  determine  suitable  conditions  for  the 
polymerization  of  2, 2-dinit ro butyl  acrylate  in  the  presence  of  nitro  con- 
densation polymers,  exploratory  experiments  were  conducted  using  various 
catalysts  and  promoters  in  the  presence  of  stabilizers  such  as  those  used  with 
nitrocellulose, 

e.  Table  III  gives  the  percent  of  yield  and  relative 
viscosity  for  various  catalyst,  promoter,  and  stubilizor  combinations.  It 
appears  that  the  addition  of  both  atabilizors  is  beneficial,  with  respect  to 
both  yield  and  molecular  weight.  The  polymerizations  were  conducted  at  U5°C 
under  a nitrogen  atmosphere. 

TABLE  III 


POLYMERIZATION  OF  2,2-DINITROB(T'X  ACK  LATE  '..IT!!  VARIOUS 
CATALYSTS  aND  STABILIZERS 


Catalyot 

Promoter 

Stabilizer 

Yield,  * (1*  in  Acotono) 

l/U/.  MAKP& 
l/h%  Hz202b 
l/U*  Bz202b 
l/M  Bz2^2b 

o.r;  DMA0 
0.1*  DI!AC 
0.1,,'  DMA0 

■MM. 

l/h%  MNAd 
l/h%  + l/h%  3n° 

89  2.1j5 
70  1.72 
02  2.08 
91  2.5b 

®iiAKP  is  methyl  amyl  ketone  peroxide. 

1. 

Bz2°2  benzoyl  peroxide. 


°DMA  is  dimethyl  aniline. 

is  N-methyl  p-nitroaniline. 

°Sn  is  dibutyl  tin  dilaurate. 
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f.  Experimental 

Tho  procedure  for  polymeriainf  the  samples  of  DNRA,  with 
various  catalysts,  accelerators,  and  stabilizers  is  that  described  in  Aox*ojet 
Report  No.  663#  p.  57. 

B.  ADDITION  AND  CONDSNSi.il ON  POLYMERS 

1.  Polyurethanes 


a.  Cholated-Metal  Compounds  as  Catalysts  for  Polyurethane 
Formation 

(1)  Previous  experiments  have  shown  that  vanadyl 
acetylacetonate  and  chromium  acotylacatonate  are  superior  to  boron  trifluoride 
as  catalysts  for  nitropolyurethane  formation.*  Ferric  acetylacetonate**  has 
now  been  studied  in  conjunction  with  the  polyurethane  I-J  system.  Table  IV 
lists  the  observed  rate  constants  for  the  reaction  of  3, 3-dinitro-l, 5-pentane 
til  isocyanate  with  2-nitro-2-mothyl-l,3-propanediol,  using  various  catalysts* 


TABLE  IV 


RATE  CONSTANTS  FOR  CATALYSED  POLYURETHANE  I-J 


Catalyst 


Monomer  G at  alyst 

Concentrations  Concentration 
Equlv./llter  mole/liter 


liter/oquiv.  hr 


Ferrio 

acetyl ooetonate  0.9^0 

Ferric 

aoetylacsionabe  0.9U0 

Vanadyl 

acetylflcotonate  0.910 

None  2.37 


1 x 10"* 
1 x 10-Li 
1 x 10"1* 


3.6 


26 

9.7  x 10_1 
2.3  x 10-3 


)( 

Aerojet  Report  No.  590,  p.  27 


(?)  The  ferric  acotvlacetonate  is  by  far  the  most 
effectivo  catx&yat  for  niti'ojolyurothario  formation.  In  addition  to  prepara- 
tions of  polyurethnno  I-J,  ferric  acetylacetonate  has  proved  effective  an 
catalyst  in  the  polyurethane  I-A  and  I-H  systems. 


Aerojet  Report  No.  663,  p.  13. 
^Ibid. , p.  79. 
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{ 3)  Experimental 

The  monomer*  in  equivalence  were  dissolved  in  an- 
hydrous dioxan.  The  appropriate  amount  of  catalyst  was  added  to  the  monomer 
solution  at  aero  time  and  sample*  were  periodically  removed  for  (-M30)  analysis 
by  the  standard  procedure.*  Table*  V and  VI  list  the  observed  data,  which  are 
ehown  graphically  in  Figures  3*  and  5. 


TABLE  V 

mHIU-ACETYLACETONATE-GATAI.YZED  POLYURETHANE  I-Jj 
RATE  IN  DIOXAN  SOLUTION  AT  50°C 

(Original  concentration  0.?Uo  equiv. /liter  (-NCO)  and  ( —OH) j 
ferrio  acetylacetonate  concentration  10“5  mole/liter) 


Elapsed  Time, 

hr  Observed  DP 

0.25 

1.87 

0.75 

3.70 

1.25 

5.20 

1.75 

7.25 

3.00 

11.0 

U.00 

111. 5 

5.00  .... 

18.0 

r - 3.U0  _ 

->  /Lo  1 J 4. / i . 

1 

%o° " rrrw5 " 3,62  llter/e<iuiv»  ^ 


(Original  concentration  0.9l(0  equiv. /liter  (-NC0)  and  (-OH)j 
ferric  aoetylaoetonate  concentration  10“h  molo/litor) 


Elapsed  Time, 

hr  Observed  DP 

0.25 

20 

0.75 

29 

1.25 

35 

1.75 

5b 

3.oo 

6,3 

li.00 

9h 

5.00  . 

,125 

r ~ 2«ll9  - 1.  -»ai.  a. 

TABLE  VI 

VANADYIfAGETYIiAGETONATE-lATALYZED  POLYURETHANE  I-Jj 
RATE  IN  DIOXAN  SOLUTION  AT  50°C 

(Original  concentration  0.910  equiv. /liter  (-NC0)  and  (-OH)j 
vunndyl  aoetylaoetonate  concentration  10“h  mole/liter) 

Blapand  Time,  hr  Observed  DP 

0.5  l.h3 

1.0  2.06 

1.5  2.1(0 

2*0. 

Kgo°  " “ 0*97  litor/equiv.  hr 


Aerojet  Report  No.  638,  p.  25* 
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Figure  5 
b.  Stability  Studies 

(1)  Introduction 

In  continuation  of  tho  stability  studies  on  post- 
nitrated  polyurethanes,  work  during  this  poriod  lias  boon  focused  on  homogeneous 
wnrihing  of  nolutions  of  polyurethane  I-AN  with  una,  Whereas  satisfactory  ther- 
mal atabllitiOB  havo  boon  obtained,  : ovoro  degradation  was  notod,  a.i  in  prnvioun 
work.  Thus,  using  tho  toclinlquo  of  homogeneous  w ashing , t!io  problem  of  thnrmal 
stability  has  boon  nolvodj  but  another  problem,  that-  of  polymer  degradation,  has 
boon  introduced.  In  view  of  othor  stability  studios,  using  n warm  sodium  bi- 
carbonnto  wash  to  remove  nitric  acid,  tho  entire  approach  of  homogeneous  washing 
is  being  abandoned.  A vacuum  steam  distillation  of  unstable  I-AN  was  also  at- 
tempted! but  under  tho  conditions  used,  stable  polymer  wnn  not  obtained, 

(2)  Urea  Stabilization  of  Polyurethane  I-AN  in 

Dioxan  Solution 

(r)  Experimental 

Twenty-five  ml  of  absolute  dioxan  was  added 
to  1 b of  polyurothano  I-AN  (JKK-117-c,  m 1*13#  stab^^g  " 3.  min).  One  ml 
of  a saturated  methanol  solution  of  urea  woe  addod  to  this  solution,  and  urea 
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immediately  crystallized  from  the  dioxan  solution.  After  the  urea  was  filtered 
off,  the  solution  wan  poured  into  water  in  a blnndor,  preoipitating  the  polymer. 
The  polymer  wan  water-washed  and  vacuum  driod.  In  order  to  inoronse  the  activity 
of  urea  in  the  dioxan  solution  of  polymer,  the  above  reaction  wan  repeated,  main- 
taining the  temperature  of  tho  dioxan  solution  for  10  min  at  1|0°G.  Relative  vis- 
cosities wore  determined  in  acetone  nolution  at  1.000  g/100  ml  at  2g°C,  and  ther- 
mal stabilities  were  determined  on  1.3-fl  sample n at  6g,g°C,  to  starch-iodide 
ooloration.  The  results  are  presented  in  Table  VII. 


TABLE  VII 


UREA  WASHING  OF  POLYURETHANE  I-AN  IN  DIOXAN  SOLUTION 


Run  Conditions 


stab6g.g° 


1 


Urea-MeOH  added  at  room 
tompj  ppt.  immediately 

Urea-l.toOH  added  at  1iO°Cj 
ppt.  after  10  min  at  )tO°C 


g-min,  heavy  1.10 

failure 

Trace  in  10  mlnj  1.07 

no  further  colora- 
tion in  2 hr 


(b)  Conclusions 

Urea  appears  to  bo  combining  with  nitric  acid. 

The  low  solubility  of  urea  in  dioxan  prevents  quantitative  removal  of  acid  from 
the  system.  Degradation  is  significant,  particularly  at  tho  higher  temperature, 

(3)  Urea  Stabilization  of  Polyurethane  I-AN  In 
Uir’othvlformamide  Solution 

(a)  Experimental 

Six  g of  polyurethane  I-AN  (JKE-122,  * 1*60, 

Btab6g.g°  ■ 3 min)  was  added  to  100  ml  of  technical,  dimetliylformamide,  and  after  being 
dissolved  the  solution  was  divided  into  two  portions.  Five  ml  of  water  wan  added  to 
one  portion,  and  after  10  rain,  the  polymer  was  precipitated  in  water,  washed,  and 
vacuum  dried.  Ten  ml  of  a BBturatod  methanol  solution  of  urea  was  added  to  the  other 
portion  and  after  10  min,  the  polymer  wan  precipitated  in  water,  washed,  and  vacuum 
dried,  Rolativo  viscosities  and  thermal  otnbilitios  were  determined  under  standard 
conditions.  The  results  are  presented  in  Table  VIII, 
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TABLE  VIII 


UREA  LASHING  OF  PuLYUK  vTUAME  I-AN  IN  DIL’ETHYLFOKSAMIDE  SOLUTION 


Run 

1 


Conditions 


Stab, 


I-AN  dine,  in  BMP) 
HgO  added 

I-AN  dies,  in  DMFj 
urea-MeOK  added 


Trace  in  6 mini 
no  furthor  in  3 hr 

No  failure  in  3 hr 


l.iy 

i.n 


(b)  Conclusions 

Here  again  uroa  haa  effected  high  stability 
r “ 1-60  drops  to  V.r  “ 1*11).  It  must  bo  concluded  that  solutions  of 
polyurethane  I-AN  are  extremely  sensitive  to  banns  (urea  Kg  » 1,5  x 10“lh) , and 
any  stabilization  procedure  which  obviates  a solution  reaction  is  to  be  de- 
sired* 

(U)  Vacuum  Steam  Distillation  of  Unstable  Polyurethane 
I-AN 


(a)  Introduction 


In  an  attempt  to  remove  occluded  nitric 
acid  from  a freshly  procipitnted  sample  of  polyurethane  I-AN,  a vacuum  steam 
distillation  of  the  unstable  polymer  was  attempted,  In  the  hope  of  either 
leaching  out  the  acid  or  distilling  it  from  the  system.  Under  the  conditions 
used,  no  stability  wan  effected}  however,  thoro  was  an  indication  that  more 
severe  conditions  might  be  effective. 


(b)  Experimental 

A 3-liter  stewn-cliatillstion  flask  wan 

oharged  with  IjO  g of  polyurethane  I-AN  (JKE-117,  ■ 1.17,  atab^,^-  3 min) 

and  about  1 liter  distlllod  water,  and  the  syotom  was  vacuum  stem  distilled  for 
1.5  hr  at  20°C*  Four  hundred  ml  of  distillate  was  collected.  Ono-holf  the 
charge  was  removed,  and  the  remainder  was  furthor  distilled  for  30  min  at  U0°Cj 
250  rnl  of  distillate  was  collected,  Measurements  of  pH,  using  a Beckman  pH 
motor,  wore  made  on  the  several  distillate  and  pot  fractions.  The  polymers 
were  washed  and  vacuum  dried.  Relative-viscosity  determinations  were  made  in 
acetone  solution  at  1.000  g/lOO  ml  at  25°C,  and  thermal  stabilities  were  de- 
termined on  1.3-g  samples  at  65.5°C,  to  starch-iodide  coloration.  The  results 
are  shown  in  Table  IX, 
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TABLE  IX 


VACUUM  STEAK  DTSTILLAT  ION  OF  UNSTABLE  POLYURETHANE  I-AN 


Run 

Steam  Dist.  Conditions 

PH 

Distillate 

pH  Polymer 
Slurry 

SUb65.5° 

v* 

* r 

1 

Control]  no  steam  dist. 

— 

5.0 

3 min 

1.17 

2 

1.5  hr  ut  20°C 

5.0 

U.O 

2 min 

1.13 

3 

1*5  hr  at  20°C 
0.5  hr  at  )i0°C 

5.0 

2.3 

1 min 

1.13 

(c)  Conclusions 

Under  the  conditions  of  vacuum  steam-die- 
till  ation  used,  nitric  acid  watt  not  completely  removed.  At  the  higher  tempera- 
ture, the  rate  of  removal  of  acid  appears  to  be  fnotor.  Nitric  acid,  under 
than©  conditions,  is  not  distilled  from  the  reaction  flask.  A small  amount  of 
degradation  appears  to  have  taken  place  during  the  steam  distillation. 

(5)  Stabilization  of  Polyurethane  I-JN  Using  a 
Worm  Sodium  Bicarbonate  Waeh 

(a)  Attempts  wore  made  to  removo  the  nitric 
acid  with  dilute  sodium  bicarbonate  solution.  Polyurethane  I-J  (JRF-191-A, 

^lj.  * 2.52,  1#  in  acetone)  was  treated  with  distilled  100,5  nitric  acid  for 
20  rain  at  0°C,  then  precipitated  by  pouring  into  ice  and  water  in  a Waring 
Blendor.  One  portion  ( JRF-193-A-1)  was  agitated  in  the  Blendor  for  1$  min 
at  25°C  with  dilute  sodium  bicarbonatoj  the  other  portion  ( JRF-193-B-1)  was 
agitated  in  the  Blendor  1 5 min  at  50°C.  Doth  were  then  washed  thoroughly  with 
water  and  dried. 

(JRF-193-A-1)  25°C,  atab6^5o  “ 3 min*  >]r  - 2.kl,  2*  in  acetone 
(JRM.93-B-I)  50°C,  rtab^go  * 2°  mini  vjr  * 2.53,  2%  in  acetone 

A larger  amount  (25  g)  of  polyurothane  I-J  ( JRF-191-B-2,  * 5.bL,  2%  in 

acetone) , wan  treated  with  distilled  100#  nitric  acid  at  0°u.  The  material 
dissolved  rlowly,  requiring  one  hour  for  complete  solution.  After  precipita- 
tion Into  ioe  and  water,  tho  polymer  was  stirred  with  dilute  sodium  bicar- 
bonate for  10  min  ut  50°C,  then  water-washed  and  dried.  For  JHF-193, 

- 1,57,  2%  in  acetone}  stab^tfcjOQ  • 20  min.  Preparation  JRF-193  was  again 
treated  with  dilute  sodium  bicarbonate.  The  results  are  listed  in  Table  X. 
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TABLE  X 


STABILIZATION  OF  POLYURETHANE  I-JN  USINQ  A 

NaHCX>3  Treatment 

Identification  Time  Temperature 

kkRU  SODIUM  BICARBONATE 

Kl-Starch 
Stability,  65.5ftC 

WASH 

Y?  * 
fr 

(JRF-193-A) 

15  mis 

65°C 

U5  min 

1.69 

( JRF-193-B) 

1 hr 

$0-65°G 

80  mis 

1.71 

(JRF-193-C) 

2 hr 

50-65*C 

> U hr 

1.62 

<%  in  acetone. 

(b)  Conclusions 

Thorough  washing  with  dilute  sodium  bi- 
carbonate solution  at  $0  to  65°C  effectively  removes  the  nitric  acid,  as 
evidenced  by  the  increased  thermal  stability.  A small  amount  of  degradation 
occurs  during  the  washing.  However,  it  appears  that  extensive  degradation 
•occurs  during  the  nitration.  This  will  be  Investigated  further. 

c.  Further  Work  on  Polyurethanes  Previously  Described 

(1)  Introduction 

The  ehelatod-metal  catalysts  have  mode  possible 
the  preparation  of  hi gjh-mo locular-weight  polyurethanes  having  desirable  physical 
properties.*  Since  these  catalysts  behave  differently  from  the  boron  tri- 
fluoride  previously  used,  optimum  reaction  conditions  must  again  be  determined 
for  each  of  the  polyurethanes  previously  described.  Other  objectives  include 
elucidation  of  the  catalyst  mechanism,  reproducibility  of  product,  and  the  cause 
of  product  insolubility  observed  In  some  preparations.  The  more  important 
variables  are  concentration  of  monomers  and  catalyst,  solvent,  time,  tempera- 
ture, order  of  mixing  the  reactants,  monomer  ratio,  and  the  procedure  used  for 
working  up  the  product. 

(2)  Polyurethane  I— J > 3#3-Dinitro-3.,5*-pontane 
Diisooyanate  and  2 -Nitre- 2-set hyl~l , 3-propanediol 

(a)  Previous  work  has  shown  that  ■orwmei'  con- 
centration markedly  effects  the  moleaular  weight  of  the  product.**  In  the 
polyurethane  I-J  system,  most  of  the  preparations  have  boon  carried  out  at 
a concentration  of  one  mole  of  each  monomer  per  liter  of  dioxan  solution. 


* 

Aerojet  Report  No.  663.  p.  29. 
**Ibid. , p.  31. 
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Thin  corresponds  to  3b*2  wt$  solids.  At  this  concentration  the  (solution  can 
be  ntirred  and  the  aolution  viscosity  oan  be  measured  while  the  polymerisation 
le  in  progress.  Small  rune  were  made  at  higher  concentrations*  both  at  monomer 
equivalence  and  with  the  di isocyanate  in  exceos  by  one  percent.  The  technique 
employed  can  be  used  only  for  small  preparations,  in  which  the  heat  of  reaction 
oan  bo  readily  removed.  The  required  amount  of  dioxan  containing  the  dissolved 
catalyst  vrnn  added  to  this  monomers  in  a gl  nsn- stoppered  Frlenmeyer  flask. 

The  dligocyanate  dissolved  rapidly,  followed  more  slowly  by  the  diol.  After 
soveral  minutes  the  heRt  of  reaction  resulted  in  a rapid  temperature  riae  and  a 
rapid  dissolution  of  the  remaining  diol.  The  aolution  nimultonaoualy  became 
too  thick  to  stir.  Table  XI  summarizes  the  results. 

(b)  The  cauae  of  insolubility  In  the  more  con- 
centrated solutions  is  not  definitely  known.  It  may  bo  due  to  reaction  of 
(-NCO)  with  urethane  linkages  under  tho  influence  of  high  temperature  and  the 
very  active  ferric  acetyl acetonate  catalyst,  inasmuch  as  the  diisocyanate  wae 
in  excess  until  the  diol  had  completely  dissolved.  The  work  was  repeated  with 
the  same  monomers,  adding  the  diioocyanate  portionwiso  to  the  diol  aolution 
containing  catalyst,  and  keeping  the  temperature  in  tho  range  from  30  to  !»0°C 
during  the  addition.  Table  XII  summarizes  tho  results.  In  all  caaea  the 
product  was  completely  soluble  in  dioxan. 

(c)  Conclusions 

Higher  monomer  concontrationa  uro  do- 

oirable,  but  tho  temperature  must  be  carefully  controlled  during  the  initial 
mixing  of  the  monomers  to  provont.  the  formation  of  insoluble  product. 

(d)  Another  variable  in  the  procedure  uaed 

for  working  up  the  product.  If  an  equilibrium  between  lew-  and  high-molecular- 
weight  product  exists,  it  may  be  unfavorably  shifted  when  the  viscous  solution 
ie  diluted  before  precipitating  the  polymer,  especially  in  the  preaonce  of 
very  active  catalysts.  Table  XIII  lists  variations  in  the  work-up  procedure 
and  their  effect  on  the  relative  viscosity  of  the  finiohod  polymer.  It  is 
concluded  that  dilution  with  dioxan  at  room  temperature,  followed  by  precipi- 
tation, does  not  adversely  affect  the  relative  viscosity  of  tho  product.  At 
higher  temperatures,  the  relative  viscosity  of  the  product  slowly  decreases. 
Treatment  with  dilute  HC1  solution  effectively  roraovea  tho  forrlc  acetylacotonate 
catalyst  but  causes  some  degradation. 
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TABU  XIII 

VARIATIONS  IN  WORK-UP  uF  POLYURETHANE  I-J 
No.  Work-Up  Procedure  ^ r ^ Acetone) 


JRF-195-C  Diluted  at  25°C  with  dioxan  and  precipitated  1.07 

within  1?  min 

JRF-195-D  jh%  Solution  precipitated  without  diluting  1*86 

JRF-195-E  Diluted  with  dioxan  and  let  at and  5 days  at  25°0  1*88 

before  procipitatir  g 

JRF-195-F  Diluted  with  dioxan  containing  a small  amount  of  1.89 

bromine,  let  stand  5 days  at  2J>  C before 
precipitating 

JRF-195-G  Diluted  with  dioxan  plus  several  drops  of  water,  1.89 

lot  stand  5 days  at  2$°C  before  precipitating 

JRF-195-J  Diluted  with  dioxan  plus  several  drops  of  2N  HC1,  1.8U 

and  precipitated  within  15  minj  pure  white 
polymer 

JRF-197-B  Diluted  with  dioxan  and  ferric  acetylacetonatoj  1.52 

held  at  50°C  for  200  hr  before  precipitating 

JRF-197-C  Diluted  with  dioxan  and  10  equiv.  % 3,3-dinitro-  1.33 

1,5-pentane  diiaocyanatoj  held  at  50°C  for  200 
lir  before  precipitating 

JRF-197-D  Diluted  with  dioxan  and  10  equiv.  % 2-nitro-  1.U8 

2-mothyl-l,3-prop*nedlolj  held  at  50°C  for  200 
hr  before  precipitating 

JRF-197-E  Control  for  197  sorlesj  held  at  50°C  200  hr,  then  1.61 

diluted  and  precipitated 


(3)  Polyurethane  I-Ax  3, 3-Dinitro-l, 5-pentane 

Diisocyanato  and  2, 2-Dinit ro-1, 3-propanedlol 

(a)  Using  the  new  chelatod-metnl  catalysts  in 
the  I-A  system,  reaction  times  have  been  materially  reduced,  and  molecular 
weights  have  been  consistently  high  (with  dliaocyanate  adjustment).  Of  the 
three  metal  catalysts  recently  obtained,  the  iron  salt  was  selected  for  study, 
based  on  the  rosults  of  previously  described  work  in  which  the  high  activity 
of  the  iron  catalyst  was  demonstrated, * With  the  purpose  of  preparing  lurge 
quantities  of  stable,  poetnitrated  polyurothanes  for  the  formulation  program, 
recont  preparations  of  polyurethane  I-A  have  been  moderately  large.  In  each 
cane  on  attempt  has  boon  made,  by  changing  the  appropriate  variables,  to  de- 
termine the  optimum  proparative  conditions  for  this  system.  These  data  have 
been  summarized  in  Table  XIV. 


Aerojet  Report  No.  663,  p.  22. 
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(b)  Experimental 

Most  experimental  conditions  aro  given  in 
Table  XIV.  In  all  cases  the  reaction  solvent  was  absolute  dioxan,  and  the 
reactions  were  followed  by  periodic  measurements  of  solution  viscosity,  and 
wore  terminated  when  the  viscosity  va  time  curve  leveled  off.  The  work-up 
procaduro  wao  the  name  in  onch  Case:  The  viscous  polymer  solutions  were 

diluted  with  dioxan  to  about  10  wt/S,  filtered,  and  precipitated  dropwi.se  into 
ioe-wator  in  a Waring  Blendor,  followed  by  further  Blendor  washing  in  ice- 
water,  and  last,  vacuum  drying.  The  extreme  difficulty  In  completely  re- 
moving the  solvent  from  these  high-molecular-weight  polyure thanes  ia  shown 
by  the  yialde,  some  of  which  are  greater  than  IDO#. 

(c)  A study  of  the  effect  of  monomer  concentra- 
tion on  molecular  weight  in  the  I-A  system  was  made.  In  other  polyurethane 
systems,  I-H  and  1-0,  a dependence  of  molecular  weight  on  monomer  concentration 
has  been  notod.*  Using  the  ferric  acotylacetonate  catalyst  in  the  I-A  system, 
It  was  of  importance  to  determine  the  effect  of  monomer  concentration.  Ac- 
cordingly, five  polymor  runs  ware  made,  in  which  the  concentration  was  variod 
from  1 wt^  to  80  wtiC.  A linear  relationship  was  found  between  monomer  con- 
centration and  relative  viscosity  (see  Figure  6). 


Figure  6 ' 

Polyurethane  I-A 

Effect  of  Monomer  Concentration  on  Molecular  Weight 


¥ 


See  Aerojet  Report  No,  638,  pp.  27,  35 
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(d)  Experimental 

The  did  was  weighed  into  a glann-etoppered, 
12£-ml  Erlenmoyer  flank,  followed  by  the  calculated  amount*  of  dll  isocyanate  to 
give  1 % excess  diiaonyanate,  and  sufficient  absolute  dioxan  to  give  the  desired 
weight  percent  of  monomers.  The  total  weight  of  monomers  was  about  10  grama. 
After  complete  dissolution  of  monomers,  ferric  ueetylaoeLonata  was  added  in  an 
amount  giving  0.0 $%  of  diisoeyanabe  equivalents  present.  In  the  60  and  00  wt56 
runs.  30  to  60  second a after  adding  the  catalyst,  the  reaction  solutions  were 
boiling  inside  the  stoppered  flasks.  The  UO  wt % run  warmed  to  about  60°G,  and 
the  20  yftt  run,  to  about  U5°C.  The  1 wt?S  run  showed  no  perceptible  temperature 
rise.  After  the  Initial  heat  of  polymerization  had  been  spent,  the  reaction 
flasks  wore  placed  in  a 50°C  bath,  where  they  remained  for  lli5  hours.  Ths  poly- 
mers were  worked  up  by  diluting  in  dloxan,  filtering,  precipitation  into  water, 
wator-washlng  in  a Blender,  and  vacuum  drying.  Relative  viscosities  were  de- 
termined at  2%  in  aoetone.  The  results  are  presented  in  Table  XV. 

TABLE  XV 

EFFECT  OF  MONOMER  CONCENTRATION  ON  MOLECULAR  WEIGHT  IN  I-A  SYSTEM 


Monomer  Cono.  Physical  State  of  Reaction  Relative 


Run  No. 

Wt< 

Soln.  at  Completion 

Viscosity 

JKE-127 

00 

Hard  solid}  small  amt.  of 
inaol.  gel  after  dissolving 
in  dioxan 

3.08 

JKE-128 

60 

Semi- solid 

2.h8 

JKE-129 

liO 

Extremely  viscous  liquid 

2.11 

JKE-130 

20 

Viscous  liquid 

1.6l 

JKl-i3i 

1 

Liquid 

1.06 

(e)  A study  of  the  effaot  of  catalyst  concen- 
tration on  molecular  weight  in  the  I-A  system  was  made.  In  using  ferric  acetyl - 
aootonata  as  a catalyst  for  polyurethane  formation  in  the  I-A  system,  only 
catalytic  amounts  have  been  neoossary  to  give  a very  faot  rate  to  a high  BP.  It 

was  desirod  to  establish  a more  quantitative  relation  between  catalyst  concentra- 
tion anu  molecular  weight  an  measured  by  relative  viscosity.  Three  polymeriza- 
tion rune  In  which  the  catalyst  concentration  was  varied  from  0.01  to  lji  showed 
that  the  lower  concent rat ions  of  oatalyet  led  to  significantly  higher  molecular 
weights.  Data  are  given  in  Table  XVI. 
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TABLE  XVI 

EFFECT  OF  CATALYST  CONCENTRATION  ON  MOLECULAR  WEIGHT  IN  InA  SYSTEM 


Run  No. 

ft 

Cat.  Cone# 

Time  to  Maximum 
Initial  Temp 

Roll 

Viscosity 

JKE-133 

0.01# 

$ min 

2,3k 

JKE-13U 

0.10# 

2 min 

2.01 

JKK-135 

1.00# 

20  sec 

1.1*2 

4f 

$ioleo  catalyst  per  equivalent  dliaocyanate)  x 

102. 

(f)  Experimental 

The  diol  was  weighed  into  a glass- stoppered, 
12,ir-ml  Erlonmoyer  flask,  followed  by  the  calculated  amount  of  diinocyanate  to 
give  1#  exceoB  diiaocyanate,  and  sufficient  absolute  dioxan  to  give  £>0  wt# 
solutions.  The  total  weight  of  monomers  was  about  10  g.  The  calculated  amount 
of  ferric  acetylacetonate  was  added  to  give  the  desired  catalyst  concentration. 
In  each  of  the  throe  rune  the  reaction  temnersturo  roeo  to  60  to  70°C  within 
minutes  after  adding  the  catalyst,  and  then  cooled  slowly.  The  reaction  flasks 
were  placed  in  a 50°C  bath  for  210  hours,  'Precipitation  of  the  polymer  was 
effected  in  ice  water  in  a Waring  Blender,  followed  by  vacuum  drying.  Relative 
viscosities  were  determined  at  2#  in  acetone, 

<g>  In  continuation  of  the  study  of  the  im- 
portant variables  in  the  I-A  system,  the  order  of  addition  of  monomers  has  been 
investigated.  It  was  found  that  nignificantly  higher  molecular  weights  were 
obtained  when  the  diol  wop  added  tc  the  diisocyanato,  than  when  the  order  of 
addition  was  reversed.  Two  hypotheses  are  tenable i (l)  conditiona  for 
isocyanate-urethane  croon-linking  are  ideal  when  diol  is  added  to  dii eoeynnatoj 
and  (2)  during  the  addition  of  the  diol,  the  diisocyanate,  being  in  the  presence 
of  catalyst,  can  self-polymorize.  Either  effoot  (.Ives  rise  to  a higher  vis- 
cosity. Further  work  will  determine  which  of  tho  two  theories  bart  explains 
the  facta. 


(h)  Experimental i Diisocyanate  Added  to  Diol 

A solution  of  the  diiaocyanate  in  absolute 
dioxan  was  added  dropvdso  to  a dioxan  solution  of  an  equivalent  amount  of  diol 
over  a period  of  1 hour.  Tho  total  monomor  weight  was  9h  g,  and  the  ultimate 
monomer  concentration  was  $0  wt#.  Ferric  acotylacotonate  was  added  to  the  diol 
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prior  to  isocyanate  addition#  giving  * concentration  of  0*0|?5C  (5  x 10“4  mole 
catalyst  por  equivalent  dlol).  At  the  completion  of  the  addition  of  diieo- 
cyanato,  the  reaction  temperature  wa*  about  60°G.  The  reaction  vessel  was 
placed  in  & 506C  bath#  and  the  polymerisation  was  followed  by  measurements  of 
the  solution  viscosity.  The  equivalence  of  monoraera  was  subsequently  adjusted 
by  the  addition#  in  three  portiona,  of  a total  of  1.35$  by  weight  excess 
dilsocyanate.  The  reaction  was  terminated  In  195  hours,  when  the  viscosity  vs 
time  curve  shewed  no  tendency  to  rise  furthor.  Tho  polymor  solution  was  worked 
up  by  diluting  with  dioxan,  filtering,  precipitation  in  water,  and  vacuum  drying. 
The  relative  viscosity  of  a 2$  solution  in  acetone  was  2.09. 

(i)  Diol  Added  to  Dilsocyanate 

The  above-described  experiment  was  dupli- 
cated, using  the  same  monomers,  with  tho  following  exceptions*  The  diol  was 
added  portionwiao  to  the  dilsocyanate,  the  total  monomer  weight  was  151  g,  and 
the  required  1.35$  excess  dilsocyanate  was  added  at  the  beginning.  Within  20 
hours  at  50°C,  the  solution  viscosity  had  reached  a constant  value  which  was 
far  below  the  final  value  in  the  first  experiment,  indicating  that  isocyanate 
had  been  consumed  in  some  side  reaction.  The  addition  of  another  \%  dilsocyanate 
to  the  reaction  solution  immediately  caused  a rapid  rise  in  tho  viscositv  va 
time  curve.  When  this  curve  leveled  off  after  a total  reaction  time  of  400 
hours,  the  reaction  was  terminated,  and  the  olymer  was  worked  up  as  described 
above.  The  relative  viscosity  of  a 2%  solution  in  acetone  was  2.57. 

(J)  Recently,  soma  doubt  has  arisen  with  respect 
to  accuracy  and  sensitivity  of  the  solution  viscosity  vs  time  curves  normally 
uaod  to  follow  polymerisation  reactions.  In  the  experiment  described  below  a 
typical  polyurethane  I-A  run  wna  made,  and  the  reaction  was  followed  by  de- 
terminations of  solution  viscosity  and  also  of  relative  viscosity  (determined 
on  samples  precipitated  at  appropriate  intervals).  A close  correspondence  be- 
tween the  two  viscosity  vs  time  curves  (see  Figure  7)  establishes  the  validity 
of  the  solution-viscosity  measurements.  In  addition,  ths  arbitrary  units  used 
in  tho  solution-viscosity  measurements  have  been  referred  to  an  absolute  system. 

(k)  Experimental  (JKE-12b) 

To  0.220  mole  of  diol  in  IjO  ml  of  absolute 
dioxan  in  a $00-ml  resin  flask  was  added  dropwise  0.220  mole  of  dilsocyanate  in 
50  ml  of  absolute  dioxan.  The  ultimate  monomer  concentration  was  $0  wt$.  At 
tho  outset,  0.220  millimole  of  ferric  acotylacetonate  was  present  with  the  diol. 
The  heat  of  polymerization  accumulated  rapidly,  and  the  rate  of  addition  of 
dilsocyanate  was  so  adjusted  that  ths  reaction  temperature  never  rose  above 
60°C.  One  hour  was  raquirod  for  the  addition  of  all  of  the  di isocyanate  solu- 
tion. The  reaction  vessel  was  placed  in  a 50°C  bath  immediately  after  the 
dilsocyanate  addition.  The  rolution  viscosity  was  measured  by  determining  the 
of flux  time  of  the  solution  between  two  marks  in  6-mm  Pyrex  tubing  1 cm  anart, 
the  lower  one  being  1 cm  above  the  surface  of  the  solution,  and  the  end  of  the 
tubing  being  1 cm  below  the  surface.  At  appropriate  intervals,  small  saiqpiea 
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were  removed,  diluted  with  dioxan,  precipitated  In  water,  waohed,  and  vcouum- 
drled.  The  relative  visooslties  of  these  samples  were  determined  in  a modified 
Ostwald  viecoaimeter  In  acetone  at  25°C»  at  a concentration  of  2.000  g/100  ml. 
At  three  points  during  the  reaction  additional  di isocyanate  was  added  (as 
indicated  in  Figure  7)  by  vigorously  stirring  the  monomer  crystals  into  the 
reaction  solution.  Tha  reaction  was  terminated  after  195  hr,  and  the  work-up 
was  identical  to  that  for  the  small  portions. 


a.o 


P»lyur«Mi*n.  !-» 

(JAH-U4) 

Vl.eo.lt,  rsr.u.  *s*?tlo»  Tl.» 

At  Adil.rt  0.4t>(  dll.o.y.n.t>. 
Hi  Added  Ati.o.y.net. 

Ol  Adtlwl  o.ltiK  411.o«y.n.t. 
Dl  T.nltiilM  he. .lion 


| j-  ] 
Ua1 — ^ 

R..olilnn  TIm  (hnur. ) 


Figure  7 


(h)  Preparation  of  Polyurethane  I-H»  3,3-Dinitro- 
1,5-pentnno  Diinocynnntn  and  5,5,5-Trinitro- 
1,2-pentnnediol 

( a)  Introduction 

The  marked  success  that  hen  been  achieved 
in  obtaining  high  molecular  weights  in  the  I -A  and  I-J  systems,  using  the  iron 
catalyst,  had  led  to  a program  of  reappraisal  of  many  old  polymer  systems,  for 
which  only  low  molecular  weights  had  been  obtalnod  when  boron  trl fluoride 
etlmrat.o  was  used  ns  catalyst. 

(b)  Experimental 

To  119.^0  g did  in  n 500-ml  renin  flask 
was  added  171  ml  absolute  dloxan  and  29.09  g (23^)  of  diisocyanate.  Iron 
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entalyrt  was  introduced  by  the  addition  of  10  ml  of  n dloxnn  solution  containing 
177  mg  of  catnlyet  Immediate  wanning  of  the  reaction  eolution  wan  ob- 

served, and  within  10  minutes  the  temperature  wan  at  50°C.  The  remaining  dilno- 
cyanuto,  95*05  E ( 775?)  * was  dissolved  in  50  ml  riioxan  in  a dropping  funnel,  and 
added  dropwiso  to  the  diol  eolation  at  a rate  which  maintained  the  tomporature 
hetweon  h5  and  55°C*  The  ultimate  monomer  concentration  wus  50  wt$.  After  all 
the  diisocyanate  was  added,  the  reaction  flank  wan  placod  in  a 50°C  bath,  and  tho 
polymerization  was  followed  to  comoletion  in  258  hours  by  eolutlon-viecosity 
menBuremento.  Tho  viscous  polymor  mass  was  diluted  with  dioxan,  filterod,  pre- 
cipitated in  wator,  and  vacuum  dried.  A fibrous,  tan-oolored  polymer  was  ob- 
tained in  99%  yield.  The  relative  viscosity  was  2.02  (2%,  in  acetone)  and  the  thermal 
stability  waa  10  min  (starch-iodide  at  65.5°C), 

ITT.  TECHNICAL  PROGRESS « PHYSICAL  STUDIES 

A.  MOLECULAR  WEIGHT  DETERMINED  BY  OSMOMETRY 

1.  Qoneral 


With  the  use  of  iron  acotylncotonate  catalysts  for  the  polyure- 
thane condensation,  polymers  of  relatively  high  molecular  weight  are  being  obtained. 
Thee©  higher  polymors  require  measurement  of  molecular  weight  by  the  oumomotric 
technique,  which  heretofore  has  not  been  very  reliablo  for  nitropolymnrn,  bocaune 
of  the  tendency  of  the  lower-moleoular-weight  fractions  to  diffuue  through  the 
membrane.  During  the  pant  quarter  various  other  sources  of  error  In  tlio  method 
were  resolved,  and  attempts  were  made  to  evaluate  tho  molecular  weights  of  some  of 
the  high-molecular-weight  preparations.  The  results  indicate  that  diffusion  of  the 
low-molecular-weight  fractions  is  still  tho  main  problem. 

2.  Tomporntnre-Qi adlent  Error 

The  structure  of  the  Zlmm-Myerson  osmometer  Is  such  that  the  ap- 
paratus can  function  as  a very  sensitive  thermometer  if  it  is  subjected  to  changing 
temperaturos.  The  large  cubical  coefficient  of  expansion  of  acetone  arid  the  large 
volume  of  the  osmometer  cell  relative  to  the  volume  of  tho  cap ill ary  tube  produoo 
Ihis  sensitivity.  If  it  is  assumed  that  diffusion  of  aentona  through  the  membrane 
ie  negligibly  slow  in  comparison  with  the.  rate  of  expansion  or  contraction  of  acetone 
in  response  to  c bunging  tompornturc,  tho  change  in  height  in  the  onmotic-prennuro 
capillary  resulting  from  a 0.1°C  change  in  temperature  would  be  about  2.1  am.  Tire 
OBmomotern  are  mounted  in  n mercury-thormorngulated,  constant-temperature  bath, 
reputedly  accurate  to  0.01°C.  However,  random  fluctuations  in  the  osmotic  capillary 
heights  suggestive  of  changing  temperature  were  observed,  and  it  was  believed  that 
inadequate  stirring  of  the  wator  in  the  bath  could  account  for  these  fluctuations. 

Tho  constant-temperature  bath  was  equipped  with  a more  efficient  stirrer,  and  tho 
stability  of  the  osmometer  capillary  heights  was  observed  with  pure  acetone  in  the 
osmometer  cells.  With  the  improvod  stirrer,  the  capillary  heights  were  perfectly 
stable,  within  the  limit  of  accuracy  of  the  reading,  both  with  acetone  and  polymer 
solutions  in  the  calls,  Qoldblum  points  out  that  temperature  oontrol  is  osobntial, 
not  only  to  prevent  the  thermoraotrlo  effect  in  the  capillaries  of  the  osmometers,  but 
because  the  slope  of  the  n/c  vs  c curve  may  be  strongly  dependent  on  temperature. # 

*K.  B.  Goldblum,  J.  Phys.  k Colloid  Chem.  gl,  U7l4  (ISM). 
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3.  Surface-Tension  Error 


The  capillary  rise  due  to  surface  tension  wtio  monnured  in  one 
of  the  osmometers  for  pure  acetone,  and  for  the  moot  concentrated  polymer  solu- 
tion utsed  to  date  (polyurethane  I-J,  0.016  g ml“l).  The  vuluea  agreed  within 
0.1  cm  (the  limit  oC  acouracy  of  the  reading),  so  that  it  will  he  assumed  in 
the  future  that  the  effect  of  concentration  on  surface  tension  in  negligible. 
Hook, way  and  Townsend  also  found  this  to  be  the  case  with  solutions  of  poly- 
styrene in  various  solvents. 11 

It.  Density  Error 

Tho  densities  of  four  solutions  of  polyurethane  I-J  in  acetone 
were  determined.  It  was  calculated  that  the  maximum  error  resilting  from  using 
tho  density  of  acotond  in  calculating  molecular  weight  instead  of  the  density  of 
tho  nctual  solution  would  bo  about  2%  for  the  moot  concentrated  polymer  solution 
used  to  dote.  Accordingly,  the  actual  densities  of  the  solutions  were  used 
in  all  calculations. 


Polyurethane  I-J,  Preparation  19!?-A 


Moleculnr-wolght  runs  wero  mudo  on  polymer  I-J,  preparation 
JRF-195-A,  the  polyurethane  of  3, 3-dinit ro-l,£-pentane  diisocynnato  and  2-nitro- 
2-mathyl-l,3-Tropftnediol.  Sevoral  runs  were  made  at  each  concentration,  with 
the  ronults  shown  in  Table  XVTI.  The  equation  for  osmotic  pressures  of  dilute 
polymor  solutions,  derived  from  the  Hugyina-Flory  equation  for  froo  energy  of 
the  solutions,  as  stated  by  Mark  and  Toboleky  in  terms  of  concentration,^  in 


where 


a 

c 


p * -Bj  (!/=>  - M>  c 

» v0dp 


ti  ■ osmotic  pre retire,  atm 
c " concentration  of  solution,  g ml”1 
H ■ the  gas  constant,  02.07  ml  atm  mole  1 °K~1 
T ■ the  absolute  temperature,  °K 
V0  **  mole  volume  of  solvent,  ml  mole 
d " density  of  the  polymer,  g ml”1 

r 

p » Interaction  index  for  oolvent-polyiner,  indicative 
of  the  solvent  power  of  the  solvent  for  the  solute 


H.  T.  Hookway  and  R.  Townsend,  J.  Chonu  3oc.,  3190  (August  19!?2). 

H.  Mark  and  A.  V.  Tobolsky,  Physical  Chemistry  of  High  Polymeric  Systems 
(Interscience  Publishers,  New  York,  1£56),  p.  26fc. 
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h plot  of  n/c  va  o ia  shown  In  Figure  0,  From  the  Intercept  of  the  extrapolated 
atraight  line  the  molecular  weight  was  calculated  to  be  60,200,  using  the 
relationahip 

u . RT 

“p  WST0__0 

The  elope  of  the  lino,  equal  to 


(l/2  - 

V*5 

was  ueed  to  calculate  p,  for  wh ich  a value  of  0.39  was  obtained  for  the  I-J— 
acetone  system  at  25°C.  (The  density  of  I-J  is  1.1*67  g ml-1  and  the  mole  volume 
of  acetone  ie  7U  ml.) 


Figure  8 

Molecular  Weight  of  Polyurethane  I-J  ( JRK-19£-A) 
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6.  Diffusion  Error 

It  is  to  b«  noted  in  Table  XVII  that  preparation  JRF-195-A  dif- 
fused through  the  membrane  to  an  extent  of  5 to  G)<  by  weight.  The  amount  of  dif- 
fused polymer  wpb  mearuron  b*'  evoporatine  the  aootone  from  the  Jaoket  surround ins 
the  oeunometer  cell  and  wei'hlnr  the  non-volatile  residue.  The  diffusion  was  mani- 
fested in  the  ormatir -pressure*  measurement  by  a continually  decreasing  pressure 
head  after  the  maximum  pressure  war.  indicated.  The  diffueion  error  was  measured 
as  eoon  as  possible  after  a decreasing  pressure  head  wae  noted.  The  pressure 
maxima  were  determined  by  setting  the  osmotic  columns  at  a low  value  and  taking 
periodic  readings  until  a fall  in  s;  meniscus  was  observed.  In  most  cases  the 
maximum  was  reached  within  1-1/2  days,  but  the  fall  of  the  meniscus  continued  after 
the  maximum,  and  there  wa«  no  indication  of  a cessation  of  the  diffusion  in  one  run 
which  wae  allowed  to  stand  in  the  osmometer  or  a period  of  a week.  The  deviation 
of  the  difjheion  measurements  wm.  ^.ito  iirgo,  up  to  values  of  20 % of  the  mean, 
because  of  the  poor  precision  of  measurement  of  suoh  small  quantities  of  polymer, 
but  in  no  case  was  a complete  absence  of  diffusion  observed*  In  a quite  thorough 
study  of  membrane  permeabilities,  Philipp  and  DJork  also  noted  that  diffusion  wae 
observed  in  all  cases  and  that  the  prone am  proceeded  continuously. * It  would  be 
desirable  to  know  the  average  molecular  weight  of  this  diffused  polymer,  but  such 
a measurement  will  be  diffioult.  became  of  the  very  low  aonoentration. 

7.  Effect  of  Diffusion  on  Molecular  Weight 

a.  An  attempt  wso  made  to  corroot  for  the  diffusion  error  as 
rigorously  as  possible  in  calculating  the  moleoular  weight  of  preparation  JRF-195-A. 

As  r basis  for  calculation,  it  was  assumed  that  the  concentration  of  polymer  molooules 
which  are  small  enough  to  be  subjeot  to  diffusion  through  ths  membrane  is  the  same 
in  the  inside  of  the  osmometer  aoll  as  it  is  on  the  outside.  The  fact  that  the 
diffusion  process  does  not  oome  rapidly  to  an  equilibrium  tends  to  invalidate  this 
assumption,  but  for  lack  of  any  other  basis  on  which  to  work,  it  was  assumed  that 
the  diffusion  is  sufficiently  slow  that  the  difference  in  oonoentratlon  on  the  two 
sides  of  the  membrane  is  negligibly  small  at  the  time  at  which  the  pressure  head  was 
read.  The  aotual  amounts  of  low-mole culur- weight  polymer  on  the  Inside  and  the  out- 
side of  the  osmometer  cell  will  then  be  in  proportion  to  the  volumes  of  the  liquid 
in  the  cell  and  in  the  osmometer  Jacket,  which  have  the  ratio  of  ltl3.  Accordingly, 
the  actual  weights  of  diffused  polymer  obtained  by  the  evaporation  of  the  acetone  in 
the  Jacket  were  multiplied  b.<  l!i/l3,  to  | Ive  the  amount  of  polymer  "subjeat  to 
diffusion,"  from  whioh  the  percentages  reported  In  the  eighth  column  of  Table  XVII 
were  calculated.  It  was  also  assumed  that  the  molecules  subject  to  diffusion  would 
have  no  effeat  on  the  oomotia  pressure  head  developed  in  the  osmometer,  beoauso  their 
concentration  would  be  the  same  on  each  side  of  the  membrane.  The  pressure  head 
would  then  be  the  osmotic  pressure  resulting  from  the  large  molecules  retained  in  the 
cell,  which  are  not  subjeot  to  diffusion,  The  weight  concentration  of  these  large 
molecules  (Column  Throe,  Table  XVII)  was  obtained  from  the  original  concentration 
(Column  Two)  by  subtracting  the  amount  subject  to  diffusion  (Column  Eight).  The 
overall  average  diffusion  for  the  runs  on  preparation  JRF-195-A  was  6,u;?. 

g""— — 

H.  J.  Philipp  and  C.  F.  Bjork,  J.  Polymer  Sol.  6,  383  (1951). 
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b*  As  ft  first  approximations  calculations  based  on  the  above 
assumptions  rive  a number- average  molecular  weight  of  60,200  for  the  upper  93.6? 
(weight  basla)  molecular-weight  fraction  of  preparation  JRF-195-A.  The  unknown 
factor  in  this  diffusion-error  correction  is  the  effect  of  the  small  molecules 
in  the  osmometer  cell  on  the  activities  of  the  solvent  and  solute  in  the  coll, 
solute  in  this  case  being  defined  an  the  polymer  molecules  which  are  not  aubjoot 
to  diffusion.  Because  the  average  molecular  weight,  the  molecular-weight  dis- 
tribution, and  the  aotual  number  of  the  molecules  subject  to  diffusion  are  all 
totally  unknown  at  present,  there  is  no  manner  in  which  their  effect  on  activities 
can  be  estimated. 

8 . Rapid-Equilibrium-Approach  Technique 

a.  In  an  attempt  to  minimi**  the  diffusion  error  and  to 
speed  up  the  determination  of  osmomotric  molecular  weight,  a technique  comparable 
to  the  rapid-equilibrium- approach41,  was  used  with  polyurethane  I-J,  preparation 
JRF-195-0,  and  polyurethane  IA,  preparation  JKE-128.  For  the  first  concentra- 
tion with  each  of  the  preparations,  the  meniscus  showing  osmotic  pressure  was 
lowered  manually  immediately  after  the  coll  reached  temperature  equilibrium,  to 
a value  considerably  below  the  oxpocted  osmotic-pressure  head,  (This  was  the 
technique  used  at  all  concentrations  for  polyurothano  I-J,  preparation  JRF-19?-A.) 
Observations  of  the  rising  pressure  head  were  than  token  periodically  until  a 
maximum  wan  obnervedj  the  maximum  occurred  within  22  to  l|6  hours,  as  shown  in 
Table  XVII.  For  the  second  and  subsequent  concentrations  on  preparations  JRF-195-Q 
and  JKK-120,  the  meniscus  was  elevated,  after  temperature  equilibrium  was  at- 
tained, to  a value  Just  slightly  below  the  oxpocted  maximum,  calc  ilated  from  the 
approximate  oemotic  pressure  based  on  the  result  of  the  first  concentration.  The 
following  points  may  be  notedi 

(1)  The  maxima  ocourred  at  six  hours  In  all  oanas  in 
widch  the  rapid  approach  was  used.  (No  rendlngs  ware  takon  between  the  6th  and 
22nd  hours.) 

(2)  Tho  diffusion  was  smaller  for  preparation  JKE-128 
than  for  preparation  JRF-195-A. 

(3)  Tho  deviation  in  osmotic  pressure  within  individual 
runs  at  a given  concentration  (Column  Five)  is  smaller  with  the  long  approaches 
to  the  maxima  than  with  tho  rapid  approaches. 

b-r/  The  plots  of  n/c  vn  c for  the  runs  in  which  the 
rapid  approach  was  used  (Figures  9 and  10)  do  not  give  a rational  relationship, 
whereas  tho  runs  in  whi.oh  the  long  approach  was  used  (Figure  8)  give  a good  linear 
plot. 
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o,  10“2  f ml'* 

Figure  9 

Molooular  Weight  of  Polyurethane  I-J  (JRF-195-0) 


Figure  10 

Molocular  Weight  of  Polyurethane  I -A  (JKE-128) 
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b«  Points  (3)  arm  (h)  could  bo  explained  by  assuming  that 
the  diffusion  takes  place  moot  rapidly  at  the  beginning  of  the  determination 
and  bocoroes  progreoflively  slower,  although  still  in  progress  at  the  end  of  all 
of  the  rune  shown  In  Table  XVII,  Under  this  condition  the  pressure  equilibria 
(which  depend  on  the  diffusion)  would  be  most  unstable,  and  consequently  most 
erratic,  during  the  first  few  hours  after  the  osmometer  cells  are  filled. 
Consequently,  the  results  would  show  better  reproducibility,  although  not 
necessarily  bettor  accuracy,  with  the  long  approach  to  the  maximum, 

9*  Molecular-WelF.ht  Distribution 

The  accuracy  obtained  with  the  long  pressure-equilibrium 
approach  will  depend  upon  the  molecular-weight  distribution  of  the  polymer. 

There  are  no  data  at  present  on  molecular-weight  distributions  for  nitropolymera 
developed  in  this  laboratory.  A report  on  fractionated  nitrocelluloae  shows  a 
quite  uniform  distribution  of  molecular  weights  betwoen  20,000  and  l50,0Q0j* 
these  fractions  comprise  about  25^  of  the  total  polymer.  Tl»e  remaining  7$% 
exhibits  molecular  weights  averaging  200,000j  the  overall  number  average  de- 
termined on  the  unfractionated  sample  was  97,500,  so  that  on  a relative  fre- 
quency basis  the  low-molecular-weight  molecules  predominate.  The  diffusion 
data  shown  in  Table  XVII  suggest  that  a comparable  situation  exists  with  the 
polyurethanes. 

10.  Future  Plans 

It  Is  planned  to  continue  the  osracmetric  determinations  as 
described  above,  using  fractionally  precipitated  polymers  in  an  effort  to 
resolve  the  diffusion  error.  If  the  diffusion  error  cannot  be  reduced  to  an 
insignificant  amount  with  the  higher  fractions  of  the  fractionated  polymers, 
an  attempt  will  be  made  to  correct  for  the  diffusion  by  a rate  study  of  the 
decrease  in  oamotic  pressure  after  the  maximum  has  boon  ranched,  and  extra- 
polation to  aero  time.  A study  of  the  magnitude  of  the  maximum  vs  the  rate 
of  approach  to  the  maximum  for  a given  fraction  will  be  made,  with  correspond- 
ing measurements  of  diffusion,  preferably  on  one  of  the  lower  fractions.  It 
may  also  be  possible  to  measure  the  molecular  weight  of  the  diffused  polymor 
by  the  isopiestio  method,  by  concentrating  the  solution  of  diffused  polymer 
by  partial  evaioration  of  the  acetone.  Values  of  specific  viscosity  will  be 
obtained  for  each  fraction.  The  ultimate  objective  of  the  studies  on  the 
fractionated  polymor  is  to  obtain  reliable  molecular-weight  data  over  a suf- 
ficiently wide  range  of  viscoaities  to  calculate  the  constants  in  the  modified 
Staudinger  equation.** 


*C.  F.  Bjork,  NavOrd  Report  1988,  N0T3  581,  3 September  1952, 
Aorojet  Report  No,  5^0  (19  September  19.51),  P*  12. 
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B,  SPECIFIC  L PULSES  OF  SlTROPOLTO-lER-OXIUCZ  :R  SYSTEMS 

1,  Calculations  by  the  Short  Method 

a.  The  specific  impulses  of  systems  of  nitropolymer  and 
ammonium  nitrate  or  ammonium  perchlorate  are  of  interest*  Using  the  "short 
method"  reported  previously,*  values  wore  calculated  at  aevoral  oxldiaer 
couipoeitione  up  to  the  stoichiometric  for  each  of  the  following  polymers t 

I-A  ( 2, 2-dinitro-l, 3-propanediol  ♦ 3, 3-dinitro-l, 5-pentane  dlisooyanate) 
I-AN  (completely  nitrated  I-A) 

I-J  (2-nitro-2-methyl-l, 3-propanediol  ♦ 3, 3-dinitro-l, 5-pentane 
di isocyanate) 

I-JN  (completely  nitrated  I-J) 

Polydin it robutyl  acrylate 

The  results  are  collected  in  Table  XVIII,  and  represented  graphically  in  Figures 
11  and  12.  For  the  pure  components,  the  calculated  specific  impulses  arei 

I , lb-BB0/lfe 
J5E 


I-A 

17U 

I-AN 

233 

I-J 

125 

I-JN 

202 

PDNBA 

136 

NHj|NO;j 

2UU 

NHh010u 

267 

b.  Differences  from  the  specific  impulses  reported  earlier 
for  these  compounds  are  due  to  the  uso  of  experimental  heats  of  combustion 
(where  available)  in  place  of  the  predicted  values  used  in  the  earlier  calcu- 
lations. 
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TAPU5  XV Til 

SPFGT  KTC  I PULSUS  OF  TTR  'POT,YMFR-OXTDTZ  'P  S^STKMfl 


Stoichiometric 

lb 

-nec/lb,  nt 

Foil  ow  l nc: 

wtt  raj, mo 3 

Polyinor 

vrt^  MHj(NO^ 

0 

J3 

O 

*•% 

$ O 

60 

65  70 

75 

Stoich. 

^ [C10HlhN6°l2] 

n 

7h.5 

— 

218 

22)i 

230 

— 

232 

I-AN.  [010H12Nb016] 

61.5 

237  239 

2UO 

— • 

— 

— 

2bl 

W,  [CuHl7N7010]n 

01.2 

— 

?0)i 

— 

219  — 

228 

232 

i-ra,  fcunlSN7ollii 

1 n 

7?. 6 

— 22h 

220 

— 

2jU  — 

— 

236 

PDNBA.  [C?H  »20  ] 

02.7 

— 

200 

— 

221  ~ 

229 

23b 

Stoichiometric 
vrt^  NH),G10)4 

^ Bp* 

lb-Rrjc/lb,  1 

nt,  Following  wtl  1J1I)4C10j4 

Polymer 

20 

30 

UP 

50 

6q_ 

Stoich. 

I-A.  p10H,i,n6o12] 
v ’n 

63.2 

203 

21b' 

226 

235 

— 

2)i  7 

I-Atl.  [G10l!12M„Ol6]n 

2M1 

2h0 

252 

— 

— 

256 

I-J,  [C  H1VN?010) 
u n 

71.8 

173 

19h 

200 

222 

2 35 

60. 0 

222 

231 

230 

2b5 

— 

252 

PDMHA,  [C7H10N206j 

73.7 

101 

213 

227 

238 

252 
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2.  Accuracy  of  the  Short  Method 

a.  For  an  Indication  of  the  accuracy  of  the  (short  method 
an  applied  to  theme  systems,  apoclflc  impulses  of  the  system  I-JN/NHhN03  were 
recalculated  at  length  by  the  exact  method,  for  1000-psia  chamber  preenure. 
The  procedure  assumes  mobile  equilibrium  in  the  exhaust  gases.  The  compari- 
son in  shown  in  Table  XIX, 

TABLE  XIX 

COMPARISON  OK  SPECIFIC  IMPULSE  CALCULATIONS 


Composition,  wt7  _ ,, 

1 — — »i_  I lb-pec/lb 

lilt  ItAi  * *_ 


I-JN 

nh^no3 

Short  Method 

Exact  Method 

AI 

SE 

Temp,  Tc 

100 

0 

202. h 

202.5 

-0.1 

I8h5 

80 

20 

2lli . 3 

2ih.e 

-0.5 

2094 

70 

30 

219,5 

220.1 

-0.6 

2220 

60 

hO 

22U.0 

22h.2 

-0.2 

2332 

50 

5o 

228. h 

227.6 

•K).8 

2bltO 

35 

65 

23h.O 

23h.7 

-0.7 

2551 

27.ua 

72.56 

236. h 

23U.9 

-1.5 

2685 

(stoichiometric) 

Because  of  the  generally  low  flame  temperatures,  dissociation  effects  were 
ignored.  The  agreement  obtained  was  excellent, 

b,  A similar  comparison  wan  made  for  a group  of  composi- 
tions containing  NH|jC10|j,  With  this  oxidizer,  flame  tempernturen  are  higher 
nnd  it  is  necessary  in  some  cases  to  taka  dissociation  into  account.  Further 
comparisons  will  be  made  for  such  canoe.  In  the  meantime,  ignoring  dissocia- 
tion, the  comparison  given  In  Table  XX  was  obtained}  valued  for  which  toe  in- 
fluence of  dissociation  may  he  Appreciable  are  shewn  in  parentheses. 

TABLE  XX 


COi  PARTS' >N  OK  SPECIFIC  IMP'IL’  K CALCULATIONS,  II 

Isp»  lb-nec/lb 


Composition 

Short  Method 

Exact  Method 
(Ignoring 
Disnoci utlon) 

LI 

— SE 

Chamber 
Temp,  TQ, 

80', 6 I -A,  207,  NH^ClOl* 

202,6 

206,h 

-3.8 

1970 

80  I-AN , 20 

2h3.Y 

(2h6.3) 

— 

32)40 

80  I-JN,  20 

222.3 

22h.7 

-2,h 

2h20 

50  I-JN,  50 

2K5.1 

(2h9.3) 
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3.  generalized  Chartc  for  Spoclflc  Impulses  of  Nltrupolymor- 
^xTJri.or  Systems 

Figures  13  and  lit  were  constructed  on  the  beets  of  tho  data 
of  Table  XVIII.  They  permit  the  rapid  estimation  of  the  specific  impulse  of  a 
mixture  of  a nitropolyranr  and  ammonium  nitrate  or  ammonium  perchlorate.  Firet, 
tho  fuel  oxygon  balance,  Op,  is  calculated  from  the  relation 

°F  ■ T2 

where  C,  H,  and  0 are  the  numbers  of  pram-atoms  of  carbon,  hydrogen,  and  oxygen 
in  ft  gram-forrula-weight  U of  the  fuel.  Figure  15  or  Figure  16  Is  then  used  to 
find  the  percentage  of  oxidisor  required  to  oxidiee  the  fuel  to  carbon  dioxide 
and  water.  Next,  the  specific  Impulse,  I0,  of  the  nitropolymer  at  1000  psia  is 
estimated  by  the  short  method. * Finally,  Figure  13  or  Figure  lU  ie  ueed  to 
estimate  the  specific  impulse  of  the  etoichiometric  mixture  and  other  mixtures 
with  oxidizer.  In  using  this  procedure  it  is  nocossnry  to  calculate  the 
stoichiometric  point  and  to  confine  the  estimates  to  percentages  of  ammonium 
nitrato  oorreoponding  to  thie  point  or  below. 


Specific  Impulse,  I,  at  1000  psia  for  Mixtures  of  a 
Nitropolymer  of  Specific  Impulse,  I0,  with  Ammonium  Nitrate 
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Figure  lh 

Specific  Tmpulae,  I,  at  1000  poio  for  Mixtures  of  n Nitropolymer 
of  Specific  Impulse,  I0,  with  Ammonium  Perchlorate 


Peal  Otffea  Beumee 


Figure  1 $ 

Percentage)  of  Ammonium  Nitrate  Required  to  Oxidiap  a Fuel 
to  Carbon  Dioxide  and  Water 
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Figure  lo 

Percentage  of  Ammonium  Perchlorate  Required  to 
Oxidize  a Fuel  to  Carbon  Dioxide  and  Water 


IV.  TECHNICAL  PRQQRES3 i FORMULATION  STUDIES 
A.  FORMULATION  OF  MIXED  POLYMERS 
1*  Introduction 

Amorphous  nitropolymers  as  such  do  not  possess  the  physical 
and  mnchanloal  properties  required  for  diroet  use  as  propellant  grains.  The 
objective  in  those  formulation  studies  is  to  find  a means  for  preparing  pro- 
pellant grains  from  the  available  nitropolymers.  One  method,  as  reoorded  in 
previous  reports,  is  the  polymerization  of  a vinyl  monomer  which  acts  aa  a 
dispersing  solvent  for  the  amorphous  nitropolymers.  The  present  report  deals 
with  the  continuation  of  this  phase,  particularly  with  respect  to  obtaining 
more  information  on  the  curing  conditions  necessary  with  variation  in  monomer 
type  and  monomer  concentration.  The  effect  of  inorganio  oxidizers  formulated 
with  nUropolyurethanes  was  also  investigated,  and  the  study  of  the  stability 
requirements  of  nitropolymers  has  besn  continusd. 

2.  Polymerization  of  2,2-Dinltrobutyl  Acrylate  in  Presence  of 

Polyurethane  I-J 

a*  Discussion 

(1)  Whan  a mixture  of  7$%  polyurethane  I -A  (high 
molecular  weight)  « 1.51)  and  ?5»3t  2,2-dinitrobuiyl  aorylate  was  mixed, 
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only  Incomplete  blending  was  achieved*  Polyurethane  I~«J  ie  very  fluffy,  and 
even  an  equal  weight  of  2,2-dinitrobutyl  acrylate  was  quickly  absorbed  to  form 
an  incompatible  mixture.  Because  of  this  incompatibility,  when  such  mixtures 
were  worked  on  the  roller  mill  or  pressed  In  the  burning-rate- strand  die,  the 

2.2- dinitrobutyl  aervlate  was  largely  aqueeaed  out, 

(2)  The  rou.'hly  homo  -eneoua  product  prepared  by 
mixing  the  components  in  a beaker  cured  readily.  After  partial  polymerization 
of  the  2,2-dinitrobutyl  acrylate  was  achieved,  the  mixture  could  then  bo 
thoroughly  blended  or.  the  roller  mill  without  any  oiling  out  of  the  acrylate, 

A homogeneous,  compatible  product  was  obtained,  but  some  degradation  of  the 
polymer  resulted.  The  product  obtained  is  tough  and  flexible  and  ie  being 
cured  further.  Formulation  of  75/2$  I-j/DNBA  by  the  above  procedure  does  not 
yield  a physically  satisfactory  product.  Work  on  intermediate  composition 
formulations  is  under  way, 

(3)  A mixture  of  ?0#  polyurethane  I- J ( JRF-188) , a 
polymer  which  ia  partially  cross-linked,  30^  2,2-dinitrobutyl  acrylate,  and 
0.5#  *AKP  as  a catalyst  cured  well  both  with  and  without  ljt  N-mothyl  p-nitro- 
aniline  at  room  temperature.  The  mixture  was  prepared  by  blending  the  com- 
ponents thoroughly  on  a roller  mill.  No  oilin;  out  of  2,2-dinitrobutyl 
acrylete  was  observed.  The  polyurethane  I-J  used  was  a high-molecular- 
weight  polymer  (^r  - 2.6U,  \%  in  acetone)  and  was  also  incompatible  with 

2.2- dl.nitrobutyl  acrylate.  The  product  obtained  when  cured  i a friable.  The 
samples  containing  stabilizer  cured  more  completely  nt  both  room  temperature 
and  65,5°C,  as  Judged  by  the  increase  in  viscosity  of  solutions  of  the  eemplea. 
This  experiment  suggests  the  use  of  partly  cross-linked  polymers  in  formulation 
studies. 


b.  Experimental 

The  70/30  formulation  samples  were  prepared  by  mixing 
the  components  on  the  roller  mill,  and  were  cured  at  room  temperature  in 
desiccators  containing  a nitrogen  atmosphere.  When  cured  later  at  h5° 0,  the 
samples  were  sealed  in  plasr  tubes  under  nitrogen.  The  results  are  compiled 
in  Table  XXI. 


I 


3.  Polymerization  of  2,2-Dlnltrobutyl  Acrvlata  in  the  Presence 
o?  Polyurethane  I -A 

a.  Discussion 


When  a mixture  of  70%  polyurethane  I-A  (composite  of 
JKE-118  and  JKE-119)  and  305S  2,2-dinitrobutyl  acrylete  was  prepared,  complete 
compatibility  was  observed.  Judging  from  the  relative-viscosity  measurements, 
the  mixture  did  not  cure  to  any  greater  extent  in  the  presence  of  any  particular 
catalysts  or  in  the  presence  or  absence  of  stabilizere*  Variations  in  tem- 


perature from  room  temperature  to  6$°C  had  little  effect  on  curing.  Other 
mixtures,  such  as  a 5o/|50  mixture,  cured  only  partially  and  slowly,  but 
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somewhat  more  completely  than  a 75/20  I-A/DNBA  formulation.  All  these  formu- 
lations were  compatible,  forming  almost  completely  homogeneous,  viscous  fluids 
of  tacky  and  rubbery  conaistenoy  at  room  temperature. 

b.  Experimental 

Polyurethane  I-A,  2,2-dinitrobutyl  acrvlate,  and 
catalyst  were  mixed,  blended  on  a roller  mill,  and  placed  in  well-cleaned  test 
tubes,  flushed  with  nitrogen,  and  stoppered.  When  it  was  noted  that  little 
increase  In  vlecooity  of  solution#  was  occurring  at  roo®  tamnaraturoj  the 
snmplee  were  sealed  in  glass  tuber  and  heated  to  L5°C.  The  data  are  given  in 
Table  XXII.  In  view  of  the  unsatisfactory  result#  presented  in  Table  XXHt 
formulations  containing  greater  amount*  of  polymerisation  catalysts  were  pre- 
pared. These  results,  whloh  are  essentially  negative,  are  given  in  Table 

xxm. 


TABLE  XXI 

CURING  OF  I-J  (JRF-l8fl)/DNBA*  F0R1IULATI0NS 


Composition 

70/30  I-J/DNBA 
♦ 1/2 % MAKpc 


Curing  Condition! 

J~5  days  at  R.T.d 

\j  daye  at  R.T.  + 92  hr  at  65.5°C* 


AViac.*3  for  1%  Solutions 
in  Aoetone 

+0,29 

+0,08  (0.37)* 


5 days  at  R.T. 

5 days  at  R.T.  + 92  hr  st  65.5°C* 


♦0.2U 

+0.51  (0.75) 8 


^DNBA  is  2, 2-dinit robutyl  acrylate, 

^AVlsc,  is  for  each  interval,  not  cumulative. 

°MKP  is  methyl  amyl  ketono  peroxide. 

°R.T.  is  room  temperature. 

965.5°C  refers  to  the  temperature,  time,  and  genera]  conditions  of  the 
Warburg  stability  tost  run. 
r 

MNA  io  N-methyl  p-nitroanlline. 

^The  bracketed  Aviso,  values  represent  the  total  increase. 
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TABLE  XXII 


CURING  OF  70/30  AND  75/25  POLYURETHANE  I-A/DNBA*  FORI  UUTI0N3 
USING  LOU  CATALYST  CONCENTRATIONS 


Catalyst 

Stabilizer 

Curing  Conditions 

70/30  Formulations 

• 

None 

l/b$  - ACT0 

None;  100$  I-A 
None 

None  . 

96  hr  at  R.T.  + 700  at  U5^C 

1.51 

1.36 

+0.09 

l/b$  MAKP 

1$  ivQJAc 

96  hr  at  R.T.  + 700  at  1*5^ 

96  hr  at  R.T.  + 700  at.  1*5*13+  1*8 

at  65° 

1.33 

1.35 

+0.09 

+0.02 

'l/b$  AZOd 

None 

96  hr  at  R.T.  + 192  at  1*5^ 

96  hr  at  R.T.  + 192  at  1*5^+  89 

at  65° 

1.32 

1.33 

+0.05 

+0.01 

l/b$  AZO 

1$  1JNA 

96  hr  at  R.T.  + 192  at  1*5^+  09 
96  hr  at  R.T.  + 192  at  b5°C 

at  65° 

1.37 

1.35 

+0.11 

-0.02 

75/25  Formulatlona 

C-lfl 

1/2$  S-lf 

115  hr  at  R.T. 

790  hr  at  R.T. 

115  hr  at  R.T.  + $00  hr  at  1*5  C 

115  hr  at  R.T.  + $00  hr  + b6  hr 

115  hr  at  R.T,  + 500  hr  +168  hr 

at  65°C 
at  65°C 

1.30 

1.30 
1.32 
1.35 

1.31 

-0.01 

•0.00 

+0.01 

+0.03 

-0.0b 

0-1 

2%  of  S-l 

115  hr  at  R.T. 

115  hr  at  R.T.  + 70  hr  at  1*5  C 
115  hr  at  R.T.  + 1*80  hr  at  l*5°C 
115  hr  at  R.T.  + b0O  hr  + 1*0  hr 

at  65°C 

1.30 

1.3b 

1.32 

1.33 

-0.02 

+0.02 

0.00 

+0.01 

C-l 

l/h  DBUg 

115  hr  at  R.T. 

115  hr  at  R.T.  + 22  hr  at  !*5°C 
115  hr  at  R.T.  + 1*30  hr  at  1*5°C 

1.32 

1.33 
1.3b 

0,00 

+0.01 

+0.01 

0.255  i'AKP 

1/25  S-l 

115  hr  at  R.T. 

115  hr  at  R.T.  + 22  lir  at  h5°C 
115  hr  at  R.T.  + 1*30  hr  at  1*5°C 

1.30 

1.30 

1.3b 

+0.03 

0.00 

+o.ob 

l/b ' i AKP 

3-2h 

115  hr  ut  R.T. 

115  hr  at  R.T.  + 22  hr  at  l*5°C 
115  hr  at  R.T.  + 1*30  hr  at  U5°C 

3.20 

1.27 

1.30 

+0.03 

-0.01 

+0.03 

ftDNBA  la  2,2-dlnitrobutvl  acrylate. 
l)f1AhP  ia  methyl  nmvl  ketone  peroxide. 

°MNA  In  N-methyl  p-nitroanil  lrio. 
dAZ0  ir  azo-bla-lBobuty  ronltrll e . 

®C-1  la  0.255  benzoyl  poroxldo  plua  0.1$  dimethyl aniline. 

*S-1  la  equal  waiglita  of  N-inothyl  p-nitroanillno  plus  dibutyl  tin  dllaui-ate. 
gDBU  la  aym-dibutyl  urea, 

^S-2  ia  0.25$  dibutyl  tin  dilaurate  plua  1.0$  N-mothyl  p-nitro aniline. 

^R.T.  la  room  temperature. 

J 1$ 

f la  for  each  interval,  not  cumulative. 
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TAHLE  XXIII 

CURING  OF  I-A/DNBa‘a  FORMULATIONS 
USING  UGHER  CATALYST  CONCENTRATIONS 


Ratio 

I-A/DNBA 

Catalyst 

Stabilizer 

Curing 

2* 

AViso.h 

100#  I-A 

None 

None 

None 

l.5i 

75/23' 

C-2c 

None 

20  hr  a t U5  C 

l.2b 

-0.02 

75/25 

0-3d 

1#  Sn® 

20  hr  at  1*5  C 

1.26 

-0.03 

75/25 

1/2  C-3 

1/2#  Sn 

20  hr  at  ii5  C 

1.27 

-0.03 

50/50 

1/2  0-3 

1/2#  Sn 

20  hr  at  l»5°C 

1.23 

+0.01 

75/25 

C-2 

None 

1*0  hr  at  L5°C 

1.29 

+0.05 

75/25 

C-3 

1#  S-l 

1*0  hr  at  1*5  C 

1.29 

+0.03 

75/25 

1/2  C-3 

1/2#  S~1 

bO  hr  at  U5  C 

1.29 

+0.02 

5o/5o 

1/2  C-3 

1/2#  S-l 

liO  hr  at  i*5  C 

1.29 

+0.06 

75/25 

C-2 

None 

90  hr  at  1*5°C 

1.30 

+0.0l(+0.0l*) 

75/25 

C-3 

1#  S-l 

90  hr  at  l45°C 

1.31 

+0.02 

75/25 

1/2  C-3 

1/2#  S-l 

90  hr  at  l*5°G 

1.32 

+0,03 

50/50 

1/2  C-3 

1/2#  S-l 

90  hr  at  1*5  C 

1.32 

+0.03 

75/25 

C-3 

1#  S-l 

160  hr  at  l*S°C 

1.30 

-0.01 

75/25 

1/2  C-3 

1/2#  S-l 

160  hr  at  1*5°C 

1.32 

+0.00 

5o/5o 

1/2  C-3 

1/2#  S-l 

160  hr  at  l*5°C 

1.37 

+o.o5 

75/25 

C-3 

1#  S-l 

160  hr  at  1*5°  ♦ 95  at  65° 

1.29 

-0.01(0.00) 

75/25 

1/2  C-3 

1/2#  S-l 

160  hr  at  1*5°  + 95  at  65° 

1.33 

+0.01(+0.03) 

50/50 

1/2  C-3 

1/2#  S-l 

160  hr  at  1*5  + 95  at  65 

1.39 

+0.02 

5o/5o 

1/2  C-3 

1/2#  S-l 

160  hr  at  1*5  +150  at  65° 

1.1*2 

+0.03(+0.20) 

cf 

S? 

»-*• 

Gft 

2 , 2-di ni trobutyl  acrylate . 

^The  AVIhc.  Ip  for  each  tent  interval,  not  cumulative. 


CC~2  in  O.l#  benzoyl  peroxide  0.2 # dimethyl  aniline  and  1.0#  N-methyl 
p-nitro aniline. 

^C-3  ie  0.5#  benzoy]  peroxide,  0.2#  dimethyl  anilino,  0,9%  azo-bie- 
loobutyronitrile,  1.0#  N~>'iothyl  p-nitro aniline  and  1,0#  dibutyTTin 
dilaurate. 

6*?»  is  dibutyl  tin  dilaurate. 

*Tho  bracketed  Avioc.  values  reproeont  the  total  change  for  the  formulation. 
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U»  Polymerization  of  Methyl  Methacrylate  In  Prenonca  of 
IPolyure  thane  I-A  “ 

a.  Discussion 

(l)  In  view  of  the  groat  retardation  of  the  poly* 
merization  cf  2,2-dinitrocutyl  acrylate  by  polyurethane  I-A,  it  waa  considered 
of  interest  to  prepare  I-A  formulations  in  which  2,2-dinitrobutyl  acrylate 
was  replaced  by  methyl  methacrylate.  Methyl  methacrylate  polymerizes  vory 
rapidly  to  a high-mo lncul ar-ws ight  polymer.  It  was  curod  in  the  presence  of 
polyurethane  I-A  in  the  ratio  of  10  and  25#.  The  influence  of  I-A  on  the 
polymerization  of  methyl  methacrylate  was  determined  by  viecoaity  measurement!*. 
Similar  forraulatione  in  2,2-dinitrobutyl  acrylate  were  aleo  prepared  for 
comparison. 


(2)  While  hard,  eolid  producto  were  obtained,  the 
relative  viscosity  of  the  90/l0  KMA/l-A  formulation  was  half  that  of  the 
polymethyl  methacrylate.  The  75/25  product  had  a still  lower  viscosity. 

Under  the  same  conditions,  2,2-dinitrobutyl  acrylate  without  any  I-A  added 
polymerized  much  more  slowly  than  any  of  the  methyl  mothacrylata  samples. 

(3)  Ton  and  25  percent  of  polyurethane  I-A  do  not, 
however,  have  any  marked  effect  on  the  polymerization  of  2,2-dinitrobutyl 
acrylate.  There  ia  a marked  difference  between  the  effect  of  10  or  25#  I-iA 
as  compared  with  that  of  75#  or  even  50#  of  I-A. 

(U)  A gem  dinitro  group  has  moderately  active  chain- 
transfer  properties.  It  appears  the  polyurethane  I-A,  which  contains  two  gera 
dinitro  groups  and  two  active  urethane  hydrogens  per  polymer  unit,  is  an  ef- 
fective chain-transfer  agent.  In  minor  amounts  in  2,2-dinitrobutyl  aurylate, 
the  chain- transfer  activity  of  polyurethane  I-A  is  apparently  no  greater  than 
that  of  the  gem  dinitro  group  in  DNHA.  In  higher  concentration,  some  other 
factor  may  become  important. 

b.  Experimental 

(1)  Two  formulations  were  proparod  by  dissolving  10 
and  25#  of  polyurothano  I-A  in  a solution  of  mnthyl  methacrylate  containing 
0.5#  methyl  amyl  ketone  peroxide  as  a polymerization  catalyst.  Polyurethane 
I-A  dissolved  very  rordlly  and  quickly.  The  solutions  were  placed  in  sealed 
tubes  in  the  usual  maimer  and  cured  at  room  temperature  and  then  l45°C.  From 
the  data,  presented  in  Table  XXIV,  the  decrease  in  the  values  of  the  relativo 
viscosities  indicates  strong  retardation  in  the  polymerization  of  MMA. 

(2)  Whereas  a lil  mixture  of  I-A  and  2,2-dinitrobutyl 
acrylate  seemed  to  form  a complete  solution,  neither  a 10#nora  25#  quantity 
of  polyurothona  I-A  would  dissolve  completely  in  2,2-dinitrobutyl  acrylate, 
Aftor  a weak1 s stirring  in  test  tubes  with  close  clearance  betweon  the  stirrer 
and  test  tube  wall,  almoat  complete  mixing  was  obtained.  It  appeared  that  some 
polymerization  also  occurred.  The  data  are  presented  in  Table  XXV. 
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TABLE  XXIV 

CURING  Gif  I-A/lIIA*  FORMULATIONS  AND  jJMA 


Composition 

AND  Eft  BA  “ BY  TilENSI&LVES0 
Curing  Conditions 

V* 

'r 

UMA 

3 days  at  R,T.  + 2 days  at  L5°C 

L.02 

90/10  m/i-A 

3 davjj  at  R.T.  + 2 days  at  l45°C 

2.03 

75/25 

3 days  at  R.T.  ♦ 2 days  at  h5°C 

1.71 

1,69 

DNBA 

3 days  at  R.T.  * 2 days  at  l45°C 

1.38 

1.38 

*MMA  is  methyl  mat hac relate* 

^DNBA  is  2,2-dinltrobutyl  acrylate, 

CA11  formulations  contain  0.5£  methyl  amyl  ketone  peroxide. 


TABLE  XXV 

CURING  OF  10/90  AND  25/75  I-A/DNBA2  FOR? ULATI0N3 


Composition 

Curing  Conditions 

10/90  i-a/dnia 

None*5 

2.17 

10/90  i-a/dnia 

7 days  nt  lf5°C 

2.23 

25/75  I-A/DNBA 

None*3 

1.86 

?5/75  i-A/nNBA 

7 days  at  l45°C 

1.98 

^NDA  ia  2,2-dinitrobutyl  acrylate, 

Vi 

Qualified  by  an  unknown  amount  of  polymerisation 
of  the  DNPA  which  may  have  occurred  during  the 
week  of  stirring, 

5.  Polynltrourethane-Arunonium  Nitrate  and  Polyni trourethane- 
Ammonlum  ‘frerchlorsto  Formulations 

a,  Formulations  with  Polynitrourethene  I-A 

(1)  DieicuBsion 

(a)  Specific-impulse  calculations  for  mixtures 
of  various  nitropolymera  with  inorganic  oxidizers  such  as  ammonium  nitrate  or 
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ammonium  perchlorate  show  that  tho  performance  of  a relatively  lorr-onergy 
nitropolymer  oan  be  greatly  Improved  by  incorporation  of  • small  amount  of 
inorganic  oxidizer  (nee  p.  35)*  The  objectives  of  the  preliminary  studies  re- 
ported at  this  time  are  to  determine  the  effect  of  the  ammonium  nitrate  and 
ammonium  perchlorate  addition  on  tho  burning  rate,  to  note  the  groan  physical 
characteristics  of  the  strands  produced,  and  to  determine  in  a prellminary 
way  the  necessary  procedures  for  preparing  the  atrando  and  other  test  specimens. 

(b)  Using  polyurethanes  I-A  and  I-J,  50t5o# 
mixtures  have  been  prepared  in  a ball  mill  with  both  ammonium  nitrate  and  am- 
monium perchlorate.  The  material  obtained  is  reasonably  uniform.  All  blends 
were  found  more  sensitive  to  impact  and  to  thermal  decomposition  than  the 
starting  polyurethanes  (Table  XXVI). 

TABL3  XXVI 

PHYSICAL  PROPERTIES  OF  I-a  AID  I-j/NHUClOl*, 

50/50  FORMULATIONS 


Composition 

Impact  Sensitivity 
2~kg  vrt,  cm 

Max  Temp 
Without  Flaming 
°C 

Flaro-up 
Temperature,  °C 

20  seo  1 see 

I-A/NH^ClOk 

50/50 

7-8 

2h0 

250 

270 

i-j/ni%ciou 

50/50 

12-13 

252-253 

260 

300 

(c)  Tho  burning  rate  strands  of  polyurethane 
I-A-tunmonium  nitrate  were  obtained  by  pressing  ii  r or  8 g of  the  mixture  at 
l50°F  and  7000  lb/aq  inch.*  Crystallization  of  the  ammonium  nitrate  appeal's 
to  occur  shortly  after  the  fused  samples  are  released  from  the  die.  The  re- 
sults for  50/50  I-A-ammonlum  nitrate  at  1000  lb  prer  rure  find  60°F  indicate  no 
material  change  in  the  burning  rate  of  0.12  in. /sue  previously  obtained  for 
low-molecular-weight  I-A.  Tho  burning  rato  for  strandn  about  3 mm  thick 
(using  It  g of  material)  in  tho  same  as  for  samples  about  twice  as  thick  (0  g 
of  material).  The  uniform  rate  for  the  first  and  socond  inch  may  bo  inter- 
preted to  indicate  good  uniformity  of  blending. 

(2)  Experimental 

(a)  A composite  I-A  prepared  from  JKE-118  and 
JKE-119  was  used.  The  ammonium  nitrate  was  30#  fine  and  70#  coarse  grade,  as 
used  in  Aeroplex  formulations.  The  50-50  mixture)  was  first  tumbled  in  a Jar 
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on  a roller  for  2li  hours.  A sample  pressed  in  the  huminc  rate  stand  die  showed 
obvious  nonhomoganolty.  The  mixture  was  then  ball-milled  in  the  same  Jar  on 
a roller  for  20  hours. 


(b)  The  desired  size  of  I-A/NH14NQ3  sample  was 
vroiphod  into  the  die  and  pressed  at  12G°F  end  7000  lb/sq  in.  on  aCarver  press. 
After  15  minutes,  the  temperature  was  increased  to  150°F  for  15  minutes.  The 
temperature  was  then  gradually  dropped  to  60°F  over  a half-hour  period,  keep- 
ing the  pressure  at  7000  lb/sq  in.  The  samples  wore  fused  evenly  at  120°F, 
and  no  obvious  additional  change  occurred  at  15Q°F.  When  removed  from  the 
die,  the  samples  were  fairly  homogeneous  in  appearance  and  had  a fused,  gray- 
brown  appearance.  On  standing  in  a stoppered  tube,  the  samples  become  more 
grayish  in  color  and  "crystallized11  in  appearance.  The  I-j/NHjjN^j  and  the 
ammonium  perchlorate  formulations  will  be  burned  in  the  near  future.  The 
ball-milled  mixture  detonated  at  a 25-  to  30-cm  drop  of  a two-kilogram 
weight.  Samples  did  not  explode  or  ipnite  when  dropped  into  a Wood's  metal 
bath  at  270°0.  After  a few  seconds  they  gradually  fumed  off.  The  pressed 
samples  fumed  off  at  270  to  300°C  (Tables  XXVI  and  XXVII). 

TABLE  XXVII 

PHYSICAL  PROPERTIES  OF  I-A  A I'D  I-j/N%N03 
50/50  FOllLULATIONS 

Fume-off 
Tempo rat are s 


Composition 

Impact  Stability 
2-k|,  wt,  cm 

°C 

26  soc  1 000 

50/50  I-A/NHltN0;J 

25  to  30 

265  275 

50/50  I-j/NH^fV 

60  to  75 

300 

(1  min) 

are  given  in  Table  XXVIII. 
procedure  with  several  coats 

(c)  The  Crawford  bomb  burning-rate  results 
These  samples  were  restricted  by  the  usual  coating 
of  Krylotl. 

TABLE  XXVIII 

GRAWFOUI>-K)MD  BURNING-HATE  TESTS  AT  1000  LB  AND  60°F 


Milling  Batch 

Wt  Sample,  g 

1-in.  Time,  sec 

2- in.  Time,  soc 

1 

14 

0.280 

16.U30 

1 

8 

O.0U1 

16.013,  s 

2 

U 

8.331 

9.9l5(a) 

2 

8 

0.110 

16.090 

fa) 

v ;The  lead  wires  were  fused  close  on  one  side,  indicating  a flash  down  the 
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6,  Mancmotrio  Studies 


a.  Discussion 

(1)  Severe  stability  requirements  hnvo  been  found  to 
be  nn  important  factor  in  the  formulation  of  nltropolymere.*'  Only  the  nitro- 
polvrnera  which  pass  the  potassium  iodide  starch-paper  tent  at  65.5°C  and  pro- 
duce a minimum  evolution  of  pan  in  the  Warburg-manomoter  test  (Figure  17)  are 
suitable  for  formulation  work.  In  order  to  find  a correlation  between  these 
two  testr  a aeries  of  nitropolvmers  and  their  mixtures  have  been  investigated. 
The  results-  of  this  investigation  are  compiled  in  Table  XXIX. 


Figure  17 
Warburg  Apparatus 

^Aerojet  Report  No.  663 » p*  60. 
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tabu  xnx 

WAR B! IRQ  STABILITY  TESTS  ON  POLYURETHANES  AND  THEIR  FORMULATIONS  WITH  DNBA* 


Material 

Curing 

Qaa  Evolution,  ml  per 
100  g per  hour'5 

65.5°C  ICl-Starch 
Piper  Stability 
Taat  Tims 

I -A,  JKE  111 

None 

-0.03  for  61  hr6 

35  min 

I-H,  .JKE  96 

Non* 

♦0.11  for  87  hr0 

15  min 

I-H.  JKE  55 

None 

♦0.01  for  165  hr0 

__ 

I-H,  JKE  120 

None 

♦0.1b  for  216  hr 

__ 

1-0,  JKE  76 

None 

-O.Oli  for  106  hr0 

— 

I -A,  JKE  115  . 

Non# 

♦0.11  for  lltO  hr 

Li  ♦ hr 

70/30  Above  I-A/DNBAa 
A a above  ♦ 1%  MNA* 

u days  at  R.T. 

♦0.05  for  87  hr 

2-1/2  hr 

h days  at  R.T. 

+0.06  for  87  hr 

3 hr 

70/30  Above  I-A/DNRAB 

Li  days  at  R.T. 

♦0.08*  for  87  hr 

U ♦ hr 

Aa  above  ♦ 135  MNA 

U days  at  R.T. 

♦0.091  for  87  hr 

li  ♦ hr 

75/25  Above  I-A/'DNBAJ 

2li  hr  at  R.T. 

♦0.15  for  87  hr 

— 

I -A,  Composite  of 
JKE  118  and  119 

Nona 

♦O.Oli  for  lt2  hr 

k 

I-J,  JRF-lfiB 
70/30  Above  I-j/DNHA1 

Non* 

-0.36  for  75  hr° 

25  min* 

5 days  at  R.T. 

-O.Oli  for  92  hr0 

35  min*5 

As  above  * 1%  UNA 

5 day*  at  R.T. 

-0,03  for  92  hr0 

35  min* 

I-J,  JHF  181 

None 

♦0.05  for  Ud  hr 

k 

1-J,  JRF  168 

None 

♦0.10  for  39  hr* 

k 

I-J,  JHF  169 

None 

♦0.02  for  69  hr 

k 

I-J,  JRF  192  Oompoeit* 

None 

♦0,03  for  69  hr 

k 

I-J,  Composite  of  above  h 

None 

-0.02  for  121  hr 

^DNBA  1*  2,2-dinitrobutyl  acrylate, 

hTh#sa  flgurea  art  100  time*  the  bracketed  value*  given  In  Table*  XXXII  and  XXIIXI  of  Aerojet 
Report  No.  663,  pp.  62  and  63.  Are  vol/wti  per  hour. 

°TheB*  values  ere  for  polyurethane*  a*  received  and  not  apeoially  dried  at  U)0C  and  high 
vacuum.  Thee*  polyurethane*  are  stable  (under  0,10  ml  gae  per  100  g per  hour)  but  have  traces 
of  volatile*. 

**l/U<  Of  methyl  amyl  ketone  peroxide  based  on  weight  of  DNBA  present. 

^.T.  is  room  temperature. 

*VNA  is  N-metiiyl=p«nitroawllln*. 

VU*  Of  eao-hie-laohutyronitrlle  ia  present  in  DNRA. 

^Theae  values  are  corrected  for  gaa  (Hg)  evolution  due  to  decomposition  of  aao  catalyst. 

'A  mixed  catalyst-stabilizer  oonaietlng  of  1/14  benaoyl  peroxide.  0.1<  dimethyl  aniline,  l/Ljt 
N-msthyl-p-nltrounllina  arid  1/Ut  dibutyl  tin  dilcerat*  present  in  DNBA. 

^Ttiese  polyurethsuies  and  formulations  showed  verv  alight  discoloration  of  the  paper  after  about 
20  minutes  or  the  tlmea  indicated.  No  marked  coloration  occurred  even  after  aeveral  hour*. 

11/2|  Of  methyl  amyl  ketone  peroxide  ia  present  in  the  DNBA, 

BThis  sample  of  I-J  (jRF-188)  waa  thoroughly  dried,  aa  are  all  material*  whioh  are  not  socok- 
panied  by  footnotes. 
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(2)  Although  nitropolyurethanee  seemed  to  be  stable 
in  both  teat®  the  postnitrated  polyurethanes  to  date  nave  been  found  to  be 
somewhat  inferior.  Table  XXX  is  a compilation  of  stability  results  obtained 
by  the  study  of  various  postnitrated  polymers. 

TABLE  XXX 

WARBURG  STABILITY  TESTS  ON  POSTNITRAT  ED  POLYURETHANES 


Material 


I-JN, 

I-JN, 

I-JN, 

I-JN, 

I-JN, 

I-JN, 

I-JN, 

I-JN, 

I-JN, 

I-JN, 

I-AN, 

I-HN, 


JRF-193 

JRF-19U 

JRJF-193b 

JRF-1930 

JRF-19Ld 

JRF-193-A 

JRF-193-B 

JRF-193-C 

JRF-193-C 

JRF-208-B 

JKE-117-B 

JKE-116 


Gas  Evolution,  ml 
per  100  g per  hr* 


1.73 

1,66 

0.91 

0.6U 

O.9I4 

0.96 

1.15 

1.140 

l.itl 

1.36 


for  U5  hr 
for  I4I4  hr 
for  hr 
for  li5  hr 
for  L5  hr 
for  15  hr 
for  US  hr 
for  L5  hr 
for  U5  hr 
for  b5  hr 


1,68  for  L5  hr 


65.5°C  Kl -Starch 
Paper  Stability 
. Test  Time 

20  min 
2 hr 


U5  min 
Oo  min 
U + hr 
U + hr 

2 min 


"These  values  are  the  same  as  in  Table  X and  are  100  times 
the  bracketed  values  given  in  Tables  XXXII  and  XXXIII  of 
Aerojet  Report  No.  663,  pp.  62  and  63. 

^Dried  for  8 hr  at  room  temperature  and  Ip  pressure, 

°Dried  for  8 hr  at  l»0°C  and  Ip  pressure, 

^Dried  for  8 hr  at  room  temperature  and  8 hr  at  l40°C  and 

Ip  pressure. 

(3)  Mixtures  of  polyurethanes  I-A  and  I-J  with 
ammonium  nitrate  have  boon  investigated  in  both  the  6$.5°C  tost  and  Warburg- 
manometer  test.  It  has  been  found  that  addition  of  inorganic  oxidizers,  al- 
though it  increased  the  oxygen  balance,  did  not  change  the  thermal  stability 
of  the  mixtures  (Table  XXXI). 
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TABLE  XXXI 

WARBURO  STABILITY  TESTS  OF  I-A  Af.'D  I-J  AMLONIUM 
NITRATE  FORMULATIONS* 


Mato rial 


Oaa  Evolution,  ml  per 
100  g per  hour 


H-Staroh 
Paper  Stability 
Teat  Time 


I-A/NHhNO} 

50/50 


+0.1  during  first  2U  hr 
-0.03  for  10-day  run 


4 + hr 


I-J/NHI4NO3  +0.2  during  firat  3 hr  U + hr 

5o/50  -0.06  for  12-day  run 


Neither  formulation  was  dried  under  high  vacuum.  Both 
show  traces  of  volatiles. 


(h)  In  some  cases  negative  values  were  observed  whore 
one  might,  expect  increased  gas  evolution.  This  is  explained  by  the  experimental 
procedure  used.  When  the  Warburg  reaction  flask  is  placed  in  the  6‘>.$°C  bath, 
the  manometer  venting  stopcock  is  left  open  for  a half  hour  to  permit  the  vesnel 
and  contents  to  oome  up  to  bath  temperature.  A volatile  component  will  have 
time  to  vaporise  to  its  vapor  pressure  for  65.$°C  but  will  not  have  time  to  dis- 
till Into  the  colder  parts  of  the  assembly,  A certain  amount  of  nitrogen  will 
bo  displaced  bofore  the  manometer  stopcock  is  closed.  In  time,  however,  this 
volatile  component  will  distill  into  the  colder  parts  of  the  assembly.  The 
vapor  pressure  of  this  material  will  then  drop  to  that  corresponding  to  the 
temperature  of  the  colder  part  of  the  equipment  and  an  apparent  ’'absorption" 
will  be  evident  In  the  manometer  reading.  This  explanation  is  supported  by 
the  fact  that  in  one  experiment  the  condensate  was  identified  by  means  of  a 
mass  speotrographic  analysis  as  dioxan.  This  would  be  a likely  contaminant 
because  it  is  used  ae  a solvent  in  the  polyurethane  preparation. 

(5)  On  the  other  hand,  when  temperature  stability 
was  reached  an  initial  rapid  gassing  was  observed,  which  lator  was  completely 
"absorbed,"  This  observation  is  oxplntnod  in  the  same  manner.  Whon  the 
volatile  component  is  loss  volatile  or  present  to  a smaller  extent,  the  half- 
hour  warmup  noriod  may  not  bo  long  enough  for  it  to  reach  its  ultimate  vapor 
pressure.  After  equilibrium  is  reached,  it  may  not  be  volatile  enough  or 
present  In  great  enough  amount  to  condense  into  the  cooler  parts  of  equipment 
to  produce  an  apparent  "absorption"  (see  Figure  10). 

(6)  A study  was  carried  out  to  attempt  the  identifica- 
tion of  the  gaseous  products  developed  from  a sample  of  polyurethane  I-JN. 

Maas  spoctro graphic  analyses  (Table  XV)  of  the  gaseous  decomposition  products 
demonstrated  the  presenca  of  nitrogen  and  nitric  oxide  in  significant  amounts 
in  addition  to  carbon  dioxide.  From  the  intensity  it  was  estimated  that  for 
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each  molaoula  of  oarbon  dioxide  formed,  a half  molecule  of  nitrogen  and  a 
quarter  molecule  of  nitric  oxide  was  evolved.  When  dry  polyurethanes  I-J  and 
I-H  which  passed  the  Jd  test’ were  tested  in  the  Warburg-m&nometer  assembly 
using  air  instead  of  nitrogen  as  the  confining  gae,  an  abeorptlon  of  paa 
coourred.  Analysis  of  the  residual  pas  from  the  I-J  run  showed  that  the 
oxygen  had  been  completely  removed.  There  was  a email  amount  of  carbon 
dioxide  formed,  less  than  one  molecule  for  20  molecules  of  oxygen  adsorbed. 

No  nitric  oxide  or  water  ware  found  in  the  decomposition  gases  (Table  XVI). 


(7)  Experience  has  shown  that  both  the  manomotrio 
and  the  ntaroh-iodlde  tests  are  required  in  order  to  establish  the  thermal, 
stability  of  a nttropolymer.  However,  no  correlation  haa  been  established  be- 
tween the  rate  of  paa  evolution  and  the  oxidizing  properties  of  the  decomposi- 
tion products.  In  the  future  all  nitropolymers  which  are  to  be  considered 
for  formulation  studies  must  pass  the  minimum  standards  established  under  both 
of  these  tests.  These  tests  will  be  extremely  stringent  with  respect  to  the 
postnltrated  polymers,  and  a satisfactory  moans  must  be  found  to  provide  them 
with  adequate  thermal  stability. 
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b.  Experimental 

(1)  The  general  procedure  for  Warburg-manometor  deter- 
mination* has  been  deaoribed  earlier.4 

(2)  When  helium  was  used  as  the  confining  gas,  the 
system  was  evaouated  and  filled  with  helium  four  times.  Helium  was  then  flowed 
through  the  system  for  fire  minutes  to  drive  out  small  amounts  ol'  nitrogen  that 
might  enter  during  each  flushing  operation.  The  vessel  was  heated  to  temperature 
while  keeping  the  stopcock  closed  at  the  top  of  the  manometer.  Only  when  a posi- 
tive pressure  developed  wae  the  stopcock  opsned  momentarily. 

(3)  Figure  17,  presented  on  Page  U9,  shows  the  present 
Warburg-manoffietsr  assembly  for  the  testing  of  nitropolymers. 

V.  TECHNICAL  PROGRESS!  ORGANIC  SYNTHESIS 

A.  NITRO  OLEFINS 

1.  Introduction 


The  radical-induced  polymerization  of  vinyl  monomerD  containing 
nltro  groups  provides  a means  for  preparing  nitropolymers.  High-energy  mo no morn 
containing  an  adequate  number  of  nitro  groups  are  therefore  of  intercut.  Although 
previous  chain-transfor  studies  havo  eliminated  from  consideration  the  structures 
containing  the  trlnltromethyl  group,  work  on  less  nctivo  chain- transfer  typos  has 
been  continued.  This  report  deals  with  tho  synthesis  of  3, 3-dinltrobutyl  acrylate, 
attempts  to  prepare  N-2,2-dinltropropyl  aarylwnido,  and  with  hydroxyotliyl  acryl- 
amide. 


2.  Preparation  of  3, 3-Dinit robutyl  Acrylate 
a.  Discussion 

The  synthesis  of  structural  lsomnrio  monomers  and  their 
polymerisation  will  help  to  obtain  information  on  mechanical  properties  and  ^ 
utruoture.  The  synthesis  of  2,2-dinitrobutyl  acrylate  has  boon  reported  earlier. 
This  report  deals  with  the  preparation  of  3,3-dinitrobut^l  acrvlnto.  The  new 
compound  was  prepared  by  esterifioation  of  3,3-dinitrobutanol  with  servile  acid, 
using  the  teohnique  of  azeotropic  romoval  of  water. 'HHf 


Aerojet  Report  No.  663  (23  December  1952),  p.  61. 
HrAerojat  Report  No.  590,  pp.  52-55. 

Aerojet  Report  No.  663,  p.  82. 
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b.  Experimental 

A three-necked  flask  provided  with  a Dean  Stork  water 
separator,  thormometer,  and  stirrer  was  charged  with  82  g 3»3~dlnitrobutanol, 
?3.6  g glacial  aorylio  acid  and  300  ml  benzene.  One  milliliter  cone,  sulfuric 
acid  was  added  and  the  mixture  was  refluxed.  Within  ten  hours  10  ml  of  water 
was  evolved.  After  cooling,  the  solution  was  washed  with  water,  5^  sodium 
hydroxide,  and  water  again.  The  benzene  solution  was  dried  over  sodium 
sulfate,  filtered,  and  concentrated.  The  remaining  vieooue  oil  (102  g)  was 
distilled  at  8l»  to  92°0  at  U microns,  and  twice  redistilled  at  78  to  80°C  at 
2 microns  to  yield  82  g of  faintly  yellow  3,3-dinitrobutyl  acrylate,  njp  1.U660. 

Anal.  Calc'd  for  CyH^NgO^  ;GC,  38.77;  U.68;  *N,  12.86 

Found:  %C,  38.00;  $H,  U.77;  !«N,  12.62 

3.  Attempted  Preparation  of  N-(2,2~Dlnltro-l-propyl) 

Acrx'iKml'Se* 

a.  Discussion 

(1)  Numerous  attempts  to  propare  N- (2, 2-dinit ro- 
1-propyl)  acrylamide  have  thus  far  failed.  Since  alkylations  of  amides  with 
2,2-dinitrO'l-propanol  or  condensations  of  hydroxymethyl  amides  with  1,1-dini- 
troethane  do  not  proceed,  recent  efforts  have  been  directed  toward  the 
preparation  of  2,2-dinitro-l-propyiaraine.*  Using  the  classical  methods  of 
organic  chemistry,  several  obvious  synthetic  routos  are  available.  The  Gabriel 
synthesis  using  2,2-dinitro-l-p-tolueneoulfonate  and  potassium  phthalimide  has 
already  been  shown  to  be  unsuccessful,  Another  route  is  via  the  previously 
unknown  3,3-dinitrobutyric  acid.  This  acid,  by  conventional  means,  through 
the  acid  chloride,  azide,  and  isocyanate  might  be  degraded  to  the  desired  aminet 

ch3c(no2)2oh2co2h ch3c(nq2)2oh2goci--- ♦ 

CH3C(N02)2CH2OON3 1 CH3C(N02)2CH2NC0 > 

ClVNV2CH2NH2*HX 

(2)  Attempts  to  prepare  3,3-dinitrobutyrie  acid  by 
oxidation  of  1,3,3-trinitrobutane  or  3, 3-dlnitro-l- butyl amino  in  aqueous 
sulfuric  acid  vrith  potassium  permanganate  were  not  successful. 


*Ibid. , p.  66. 
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ch3o(no2)2ch2ch2no2 

ch3c(no2)2ch2ch2nh2 


CH5C(N02)2CH2C02H 


Only  starting  materials  were  recovered.  Neutral  or  alkaline  oxidation  condi- 
tions cannot  bo  used  in  vie*  of  the  results  of  Shochter'a  studies  on  the 
oxidation  of  dinitrocyciohexene.*  However,  oxidation  of  3, 3-dlnitro-l-butnnol 
with  permanganate  in  aqueous  sulfuric  acid  yieldod  a new  acid,  rap  88  to  89°C, 
which  ie  undoubtedly  the  expected  3,3-dinitrobutyric  acid.  Tho  same  acid  was 
obtained  from  the  oxidation  of  5»5“dinitro-2-hexene,  as  shown  in  the  second 
equations 


mo2 


The  neutral  equivalent  and  analysis  are  in  agrooment  with  tho  structure  and  a 
mixed  melting  point  without  depression  confirmed  the  identity  of  the  product 
in  both  preparations. 

(3)  On  trestment  with  thionyl  chloride  followed  by 
roduced-presnuro  distillation,  tho  abovo-inontionod  isolated  acid  yielded  a 
uomowhat  unstable  yellow  oil,  m 1.14731,  which  is  probably  the  expected 
acid  chloride,  although  the  elemental  analysis  was  poor.  Tho  once-distilled 
acid  chloride  was  treated  with  sodium  azide  in  acetic  acid  and  the  resulting 
mixture  wns  extracted  with  chloroform.  Decomposition  of  the  azide  in  tho 
chloroform  took  place,  aa  ovidonced  by  the  evolution  of  nitrogen.  The 
chloroform  solution  was  heated  with  aqueous  hydrochloric  acid  and  evaporated 
to  dryness.  A small  amount  of  crystalline  material  wns  iso  ;od  which  proved 
to  bo  mainly  ammonium  chloride  and  not  the  expected  dinitropropylamine  hy- 
drochloride. This  reaction  will  bo  repeated  with  larger  quantities  of  dlni- 
tro butyric  acid,  and  intermediates  such  as  the  isocyanate  will  bo  isolated. 


*Ohio  State  Report  No.  6 (October  195l) , p»  10. 

JUL 

Aerojet  Report  No.  663,  p.  82. 
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b.  Experimental 

(1)  Preparation  of  3, 3-Dinitro butyric  Acid 

(a)  Oxidation  of  5»5-Dinitro-2-hexene 

A 500-ml  three-necked  flaok  fitted  vrlth 
mechanical  stirrer  and  thermometer  was  charged  with  200  ml  of  25  rrt%  sulfuric 
acid  and  C.6  g (0.5  mole)  5,5“dinltro-2-hexene.  At  -10  to  +1°C  (ice-salt  bath) 
sodium  permanganate  trihydrate  wae  added  in  U.O-g  portions.  The  reaction  was 
exothermic.  The  next  portion  of  permanganate  wae  not  added  until  tire  previous 
one  had  been  consumed.  In  the  beginning  each  portion  of  permanganate  required 
about  10  minutao.  After  32  g (theory  required  26  g)  of  permanganate  wan  added, 
the  purple  color  persisted  for  at  least  b5  minutes.  At  0 to  5°C,  sodium 
bisulfite  was  added  in  small  portions  until  all  the  manganese  dioxide  dissolved. 
The  mixture  was  filtered  and  the  precipitate  wae  waohed  well  with  ether.  The 
combined  filtrates  were  charged  into  a liquid-liquid  extractor  and  the  aqueous 
phase  was  continuously  extracted  with  ether  for  6$  hours.  The  ether  layer  was 
(separated,  dried  over  Drierita,  filtorod,  and  evaporated  to  dryness.  The 
residue,  7.5  G oily  crystals,  was  taken  up  in  l5  ml  anhydrous  chloroform.  On 
"cooling,  colorless  plates  formed.  This  was  isolated  by  filtration  and  washed 
with  cold  chloroform  to  yield  3.1  g colorless  plates,  mp  86  to  08°C.  A second 
crop  of  1,5  g (5 2 % total  yield)  was  obtained  by  concentration  and  cooling  of 
the  filtrate.  A small  sample  recrystalliaed  from  chloroform  melted  at  80  to 
89°C.  Further  recrvstalliaatlons  did  not  raise  the  melting  point  and  examina- 
tion of  all  filtrates  failed  to  yield  any  other  crystalline  material.  A 
sample,  mp  80  to  8?°C,  was  submitted  for  elemental  analysis. 

Anal,  Calc’d  for  Cj^N^i  %C,  tfN,  15.73 

Found i %Gf  27.2lt;  *H,  3.50*  !*N,  15.92 

(b)  Oxidation  of  3, 3-Dini tro-1- butanol 

A one  liter  three-nocked  flask  fittod  with 
mechanical  stirrer  and  thermometer  was  charged  with  6.0  g (0.0367  mole)  crude 
3, 3-dinitro-l- butanol  and  350  ml  of  2$%  by  woiglit  sulfuric  acid.  At  about 
5 to  8°G,  potassium  permanganate  was  added  in  2,0-g  portions.  The  next  portion 
was  not  added  until  the  previous  one  had  boon  consumod.  When  the  lust  2-g 
portion  (10  g total  added)  gave  a purple  color  which  persisted  for  more  than 
one  hour,  the  excess  permanganate  and  the  precipitated  manganese  dioxide  were 
destroyed  by  the  portionwise  addition  of  sodium  bisulfite.  The  colorless 
mixture  wan  oxtraotod  three  times  with  ether.  The  ether  solution  was  washed 
with  saturated  sodium  chloride  solution,  dried  over  Drierite,  and  evaporated 
to  dryness,  leaving  an  oily  crystalline  residue  of  ti.2  g.  Continuous  liquid- 
liquid  extraction  of  the  aqueous  phase  with  ether  for  four  days  yielded  only 
0,3  g more  oil.  The  crude  material  was  reorystallixod  from  chloroform  and 
yielded  3.5  B (5U‘/>  of  theoretical),  mp  08  to  8?°C,  in  the  fom  of  colorless 
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nlates.  k ’sired  melting  point  with  the  acid  from  5 »5~dinitro*  2-hexene  (mp  B6  to 
o0°C)  as  obtained  under  (1),  was  86  to  88°C, 

Anal,  Oalc'd  for  C^M^i  fC,  26.91  \ *H,  3-U0|  *N,  15.73 

Found i *0,  31.35;  JtH,  3.61*;  J&N,  15*09 

The  disagreement  In  the  carbon  value  la  noteworthy.  However,  a neutral  equiva- 
lent deteminod  on  the  same  material  from  which  the  sample  for  elemental 
analysis  had  boon  withdrawn  gave  the  values  183,  302,  as  compared  with  the 
calculated  value  of  178, 

(2)  Preparation  of  3,3-Blnitrobutyryl  Chloride 

A SO-ml  round-bottom  flask  was  charged  with  3.0  g 
(0.0168  mole)  3, 3-dinitrobutyric  acid  and  6,0  ml  thionyl  chloride.  After 
standing  overnight  at  room  temperature),  the  crystalline  acid  had  not  dissolved.  On 
warming,  the  crystals  dissolved  instantly  to  form  a light-green  solution  which 
on  refluxing  soon  turned  brown.  After  refluxing  for  one  hour,  the  evolution  of 
sulfur  dioxide  and  hydrogen  chloride  practically  coasod.  The  solution  was  re- 
fluxed one  half  hour  longer.  The  excess  thionyl  chlorido  was  removed  at  reduced 
pressure  and  tho  brown  oil,  3,1  g,  was  distilled  in  a bulb  tube  in  an  air  bath 
at  60  to  80°C  and  1 to  2 mm  pressure  to  yiold  0.2  g yellow  forerun,  l.U  g middle 
cut,  end  1,3  K dork-brown,  non-dlstillable  residue.  The  middle  cut  was  redis- 
tilled os  before  to  yield  O.I4  g forerun  and  0.0  g yellow  middle  cut,  n25  l, 1*731, 
a portion  of  which  was  submitted  for  elemental  analysis.  D 

Anal.  Calc'd  for  C^lgt^OJCli  tC,  2l*.l*Li;$I,  2.56;  $1,  15.26;  *C1,  lB.Ol* 

Found*  *3,  2U.82;  3.80;  JfN,  12,31;  !*C1,  19.16 

(3)  Attempted  Degradation  via  Azido  and  Isocyanato 

(a)  A 200-ml  three-necked  flask  fitted  with 
stirrer,  thermometer,  and  ice  bath,  wan  charged  with  5.2  g onco-diatilled 
3,3-dinitrobutyryl  cl  dor  ldo,  n£5  1.1*730,  and  25  ml  glacial  acetic  acid.  A 
slurry  of  5 g (approx,  threefold  excoeo)  sodium  azide  in  30  ml  acetic  acid  was 
added  rapidly.  The  temporature  rose  to  21°C.  The  mixture  was  stirred  for  2 
hr  at  15  to  ?0°0,  After  dilution  with  80  ml  water,  the  mixture  was  extracted 
throe  timer)  with  chloroform.  The  combined  chloroform  extract,  about  100  ml, 
wee  washed  twice  with  water,  dried  over  Driorito  a half  hour,  and  filtered. 

About  a thlii*  of  the  volume  wus  distilled  to  complete  tho  drying.  The  residue 
w»n  refluxed  9.5  hr.  Nitrogen  gas  was  evolved  rapidly  in  tho  beginning. 

(b)  The  brown  solution  was  divided  into  two 
equal  parts.  One  was  evaporated  to  dryness,  yielding  1.0  g brown  viscous  oil 
which  oould  not  bo  crystallized,  Tho  other  vms  refluxed  3.5  hr  with  20  ml 
cone,  hydrochloric  acid,  Tho  layers  wore  separated.  The  chloroform  layer  was 
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washed  with  dilute  hydrochloric  acid  and  tho  cotnbinod  acid  oolutiona  were 
evaporated  to  dryness.  This  left  a small  amount  of  oily,  Bsmi-cryBtalline 
material..  The  masa  was  taken  up  with  2 ml  ethanol  and  precipitated  with  2 ml 
acetone  and  1 ml  ethyl  acetate  to  yield  about  UO  mg  gray  crystals,  mp  2k)  to 
250°C  dec.  A sample  was  sublimed  at  1 mm  from  an  oil  bath  at  150  to  1?0°C  to 
yield  colorless  crystals. 

Anal.  Calc'd  for  C^gN^Cl.  JlC,  19. 3i  #1,  U.3l  jCN,  22.5 

Found i *C,  1,25)  3SH,  7*32s  J2N,  2U.38 
Calc’d  for  NH^Cls  j£C,  O.Gj  jSH,  7.5j  *N,  26.2 

U*  Attempted  Preparation  of  Poly-N-nltro-N-Cnitruto- 
-oc  rylamide 

a.  Discussion 


Attempts  to  prepare  poly-N-nitro-N~(nitriitomothyl)- 
acrylamide  (calculated  Igp  * 229  Ibf-sec/lbm)  havo  not  boon  successful  to  date. 
Several  small-scale  attempts  to  polymerize  hydroxymothyl  acrylomido  have 
yioldod  only  insolublo  cross-linked  polymers.  This  might  be  expected  from  the 
structure  of  the  monomer,  and  is  in  agreement  with  similar  results  recently 
reported  by  Purdue  University.  This  difficulty  may  posnibly  be  avoided  by 
going  to  the  next  higher  homologuo,  hydro xyetivyl  acrylamide,  which  is  muoh 
lose  likely  to  cross-link  during  polymerization.  A recent  American  patent, 
U.3.P.  2,593,888,  April  22,  1952,  reported  the  preparation  of  this  monomer  from 
acrylyl  chloride  and  monomethanpl  amino  in  acetonitrile i 


ch2-chcoci  + 2nh2ch2ch2oh  — * — > gh2-chconhch2ch2oh  + hoch2ch2nh^ci 


Tho  postnltrated  polymer,  poly-N-nitro-N(2-nitratoethyl) -acrylamide,  has  a 
calculated  upeoific  impulse  of  209  lbf-soc/lfcm*  Two  attempts  to  duplicate  the 
putorit  example  for  tho  preparation  of  hydroxyothyl  acrylomido  have  resulted 
only  in  tho  isolation  of  polvmor.  This  polymer, 


I 


C-N'-CJ 

:-ch0-c-)  , 


n-ch?ch2oh 


HN0_ 

■ — * — > ? (-CH--CH-) 

2 x 


f2 

(jJ-N-CHgCHgONOg 
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^Aerojet  Report  No.  663,  p.  6 9. 


Page*  59 

# 

CONFIDENTIAL 


CONFIDENTIAL 


V Technical  Progress,  A (cont.) 


Report  No,  686 


probably  polyhydro xyethyl  scrylamido,  w as  isolated  and  purified.  It  was 
nitrated  in  IOC?/  nitric  acid.  The  resultant  polymer  pave  a heat  of  combustion 
corresponding  to  the  introduction  of  only  n lightly  more  than  one  nitro  group 
par  polymer  unit  instead  of  the  desired  two.  Further  nitration  attempts  will 
be  made. 


b.  Experimental 

(1)  A solution  of  1)5  g (0,5  mole)  acrylyl  chloride  in 
hu  ml  acetonitrile  was  added  with  good  stirring  at  5 to  10°C  over  about  2 hr  to 
a solution  of  6l  g (1,0  mole)  redistilled  ethanol amine  in  80  g acetonitrile  con- 
taining  0,3  g hydroquinone  and  a trace  of  trinitro benzene.  The  mixture  was  left 
overnight  at  5°C,  The  mixturo  was  filtered  and  the  solid  was  washed  with 
acetonitrile.  After  addition  of  1,2  g more  hydro quiuu no,  the  combined  filtrates, 
constituting  a two-phase  system,  were  evaporated  at  1.2  mm  on  a warn  water  bath. 
The  residue,  a very  viscous  oil,  auddonly  began  to  pet  very  hot.  It  was  cooled 
with  dry  ice.  The  resultant  material  was  a tacky  glass  at  room  temperature. 

The  glass  was  dissolved  with  methanol  and  precipitated  with  acetone  throe  times, 
using  a Waring  Blendor,  and  was  then  driod  in  vacuo.  The  yield  cf  polymer  was 
1?  p of  a tan-colorod,  hygroscopic  solid,  soTuETe  in  water. 

(2)  A 100-ml  threo-nocked  flank  fitted  with  ther- 

mometer and  stirrer  was  charged  with  30  ml  tech,  300$  nitric  acid.  At  0 to  5°C, 
luO  g po] yhydroxyothyl  acrylamide  was  added  poriionwise  over  about  20  minutes. 
The  material  dissolved  slowly  to  jive  a yellow,  viscous  solution.  Aftor  a total 
of  U5  minutes,  the  solution  was  poured  onto  ice.  The  gummy  solid  was  dissolved 
with  acetone,  precipitated  with  water,  and  dried.  It  was  then  dissolved  with 
acetone  and  precipitated  with  wator  twice  moro,  and  thoroughly  dried  in  vacuo. 
The  yiold  was  3.5  g yellow  powder,  I.S.  • 5 0 cm/2  kg,  softening  point'US^  dec. 
Heat  of  combustion!  Calc’d,  3lUl  cal/gj  found,  3?Uo  cal/g.  Colc’d  for  one 
nitro  group  per  unit:  Ul90  cal/g, 

D,  NITRO  ALCOHOLS 

1 * Introduction 

Nitro  diols  are  important  starting  materials  for  the  prepara- 
tion of  polyurethanes  and  polyesters.  The  purity  of  such  diols  is  a critical 
factor  in  obtaining  high-mo lecular-woight  polymers.  The  present  report  deals 
with  the  continuous  efforts  to  obtain  nitro  diols  of  highest  purity. 

2.  Purification  of  2-Nltro-?-mcthyl-1.3"Propanedlol 

a.  Discussion 

(1)  Purification  of  2-nit ro-2-mothyl-l, 3-propanediol 
via  its  icopropylideno  derivative  has  boon  reported.*  The  isopropylidena 
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dorivative  whs  prepared  by  treating  the  diol  with  acetone  In  benzene  with  an 
acid  catalyst  and  with  external  removal  of  the  water.  This  required  about  2 
full  days  reaction  time.  A new  and  much  more  rapid  method  with  equally  good 
yields  has  boen  developed.  This  is  essentially  the  same  ae  that  reported  for 
the  preparation  of  the  isoprop ylideno  derivative  of  2,?-dinitro-l,3j=propane- 
diol.*  When  one  mols  boron  trifluoride  atherato  ie  added  to  one  inole  of 
2-nitro-2-mothyl-l, 3-propanediol  in  3 moles  acetone,  and  within  fivo  to  ton 
minutes  the  resulting  mixture  is  poured  into  water,  ice.  nnd  excess  sodium 
bicarbonate,  a 70%  yield  of  the  expected  product,  2,2, 5-t rimethyl-5-nitro- 

1,3-dioxano,  is  obtained.  This  procedure  haa  been  applied  on  a largo  scale. 
The  recryst alligations  of  the  technical  product  yielded  a material  with  0.19 
mole  percent  impurity. 


(2)  When  the  above  dioxane  derivative  la  hydrolyzed 
with  dilute  aqueous  hydrochloric  acid,  the  product,  2-nitre- 2-methyl-l, 3-pro- 
panediol, is  isolated  by  evaporation  to  dryness.  This  material,  when  con- 
veniently re crystallized  from  ethylene  dichlorido,  still  gives  a positivs  test 
for  chloride  Jon,  thus  indicating  the  presence  of  undesirable  hydrochloric 
acid.  The  hydrochloric  acid  is  not  removed  by  repeated  recrystelllzations 
from  ethylene  dichloride  but  only  by  a relatively  tedious  recrystallization 
from  ether  or  from  mixed  solvents  suoh  as  benzene-ethanol.  This  problem  has 
boon  relieved  by  replacing  the  hydrochloric  acid  in  the  hydrolysis  mixture  with 
an  equivalent  amount  of  trifluoroacetic  acid.  This  material  readily  diBtills 
with  water  and  tri'Cos  of  it  are  readily  removed  from  the  product  by  recrystal- 
lization  from  othylone  dichlorido. 

b.  Experimental  - Preparation  of  2,2,5-Trimothyl-5-nitro- 

1,3 -dioxane 

A 500  ml  flask  was  charged  with  60  g (0.5  mole)  tech. 
2-nitro-2«r,iethyi-l,3-prooanodiol  and  75  ml.  acetono.  Sixtywflve  ml  (0.5  mole) 
toch.  boron  trifluoride  ot  lersta  wan  added.  Hunt  was  evolved,  and  a homo- 
geneous solution  was  formed.  After  10  minutes,  this  solution  was  poured  with 
good  stirring  into  a mixture  of  500  ml  of  saturated  sodium  bicarbonate  solution 
and  ico.  Tho  product  waa  collected  by  filtration,  washed  woll  with  cold  water, 
and  dried.  The  yield  was  6l  g (70$  of  theoreticiil) , mp  03  to  completely 

soluble  in  warm  hexane. 

3.  Preparation  of  2,2-Diiaothyl-5-hydrexyroathyl-5“nltro- 

1, 3-dioxane 

a.  Discussion 

The  isopropylidono  derivative  of  nib- glycerol, 

2, 2-dlmethyl-5-hydroxymethyl-5“nitro-l, 3-dioxane,  is  a valuablo  intermediate 
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desired  for  the  urificatjon  of  nib-glycerol,  the  preparation  of  2,2-cUnitro- 

1. 3- propanediol,  and  the  preparation  of  various  amino  derivatives  via  the 
Mannloh  reaction.  Its  preparation,  an  previousl'  reported,*  required  a tedious 
filtration  from  finely  divided  calcium  sulfate  and  gave  about  a $0%  yield. 
Applying  the  method  used  for  the  ioopropylidene  derivatives  of  2,2-dlnitro- 

1. 3- propanediol  and  2-nitro-2-iuothyl-l, 3-propanediol,  one  mole  of  nib-glycerol 
and  one  mole  of  boron  trifluoride  athorute  in  Ihroo  molos  acotone  gave  in  a 
few  minutes  a 70%  yield  of  the  desired  product. 

b.  Experimental  - Preparation  of  2,2-Dlmethyl-5-hydroxy- 
metliyl-5-nitro-l,  3-dioxcne 

A one-liter  flask  was  charged  with  15>1  g (1  mole)  of 
tech,  tris-hydroxymethyl  nitromethane  and  220  ml  (3  mole)  acetone.  Tho  mixture 
was  heated  on  a steam  bath  until  all  the  nib-glycerol  had  dissolved,  and  was 
then  cooled  to  1$  to  20°C.  The  nib- glycerol  crystallized  in  fine  noodles. 

Doron  trifluoride  otherate  (130  ml,  1 molo)  was  added  with  stirring.  The  tem- 
perature rone  to  55°C  and  crystals  of  produot  began  to  appear.  After  5 
minutes,  the  mixture  was  poured  as  rapidly  as  possible  into  a stirred  mixture 
of  11D0  ml  saturated  sodium  bicarbonate  solution  and  ice.  After  stirring  for 
15  minutes  the  product  was  collected  by  filtration,  washed  well  with  cold 
water,  and  dried  in  vacuo.  Tho  yield  was  137  g ( ?2jC  of  theoretical),  mp  130 
to  132°C.  It  was  cream-colored  and  smelled  slightly  of  mesityl  oxide.  Two 
larger  runs  (7  moles  each)  gave  a yield. 

L.  Preparation  of  2f2-Dinltro-l,3-propsnediol 
a.  Discussion 

(1)  It  has  previously  bean  shown  that  for  highest 
purity,  2, 2-dinit ro-1, 3-propanedlol  must  be  purified  via  its  isopropylidene 
derivative,  2,2-dimethyl-5,£”dinitro-l,3-dioxane.w#  This  ‘’an  be  prepared 
from  crude  dinitropropanediol  and  acetone  or  by  deformylation  and  oxidative 
nitration  of  2,2-dimethyl-0-hydroxymothyl-5-niiro-'l,3-dloxane. 
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If  this  latter  ro&ction,  producing  the  desired  acetone  derivative,  can  be 
adapted  directly  to  large  scale,  i.e.,  pilot-plant  scale,  it  would  be  the 
preferred  route.  When  a reaction  auch  #e  this  io  expanded  for  larger  scale 
a factor  other  than  the  yield  of  product  assumes  a greater  importance,  namely 
silver  recovery.  Thus,  a method  giving  the  highest  yield  of  product  with 
least,  manipulation  of  the  silver  precipitate  is  the  best.  With  this  in  mind, 
several  aspects  of  this  method  of  preparation  of  dloitropropanediol  have  been 
investigated. 


(2)  It  was  previously  shown  that  the  addition  of 
amnonia  to  the  reaction  mixture  during  the  doformylntion  stage  increased  the 
yield  from  about  60  to  70#.*  The  presumed  function  of  tile  ammonia  was  to  tie 
up  formaldehyde  as  hexamethylene  iotraraine,  to  make  the  doformylation  ir- 
reversible. In  one  case  in  whioh  the  pH  did  not  remain  11.0  or  higher  (see 
experimental  section)  a small  amount  of  hexane- insoluble  material  melting  at 
182  to  18U°C  was  isolated.  This  material  analysed  wall  for  the  bis  ammonia 
Mannich  reaction  produett 
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Since  all  subooqusnfc  procedures  have  avoided  ttie  particular  conditions  causing 
the  formation  of  tnie  impurity,  no  further  difficulties  along  those  linen  are 
expected. 


(3)  Several  runs  on  a one-mole  ccale  have  consistently 
given  botwoon  ?Q  end  80#  ylolds  of  crude  product,  using  a methanol  extraction 
to  isolate  the  product.  This  yield  Jr»  probnblv  about  maximum  for  this  two- 
stop  ronction,  and  the  principal  problems  remaining  are  those  pertaining  to 
the  beat  isolation  of  product  with  least  manipulation  of  silver.  One  dif- 
ficulty which  was  readily  ovorcome  vms  that  when  the  oxidative  nitration  was 
carried  out  in  the  usual  way  at  1!>  to  20°C,  the  silver  procipitatod  in  a very 
finely  divided  form,  making  the  filtritions  during  the  methanol  extractions 
difficult,  When  the  reaction  temperature  was  raised  to  to  £0°G,  the  silver 
formed  a coarse  precipitato  without  the  yield  being  adversely  affected, 

(U)  The  use  of  mothanolic  extraction  of  the  product 
to  separate  it  from  precipitated  silver  requires  several  additional  filtrations 
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or  decantations  from  the  Oliver.  These  man i pul at lone  are  quit©  costly  in  terms 
of  it.echonical  loss  of  silver.  A method  of  separation  which  is  probably  the 
superior  one  is  that  in  which  benzene  was  added  to  the  oxidative  nitration 
reaction  mixture  after  the  oxidation.  After  vigorous  stirring*  this  was 
filtered*  and  the  product  was  isolated  by  steam  distillation  of  the  separated 
benaene  layer.  The  product  is  extremely  soluble  in  warm  benaene  and  thua 
repeated  extractions  wox*e  not  necessary.  Second*  only  one  filtration  or 
manipulation  of  the  silver  was  required.  A yield  of  085?  of  steam -distilled 
material  was  obtained* 

b.  Experimental 

(1)  A two-liter  threo-necked  flask  fitted  with 
stirrer  and  thermometer  was  charged  with  191  g (1.0  mole)  2 , 2-dimethyl- 
5-hvdroxymethyl-5-nitro-l,3-dioxane  and  UX)  ml  water.  With  good  stirring* 

50  ml  (1.1  mole)  $0%  sodium  hydroxide  eolution  was  dropped  in  over  about  a 
half  hour.  Wien  half  the  sodium  hydroxide  wae  added,  the  pH  was  11.9.  When 
all  was  in  the  pH  wan  11.0  and  considerable  material  remained  undissolvod. 

Over  about  a half  hour,  bh.5  ml  (0.667  mole)  cone,  ammonium  hydroxide  solu- 
tion wan  dropped  into  the  reaction  mixture.  Most  of  the  remaining  solid 
dissolved.  The  pH  remained  at  11.0.  The  mixture  was  warmed  to  36°C  for  a 
half  hour,  at  which  time  all  was  in  solution  except  a small  amount  of  brown 
gum.  A solution  of  75  g (1.0  mole)  tech,  sodium  nitrite  in  200  ml  water  was 
added  and  the  mixture  was  filtered  through  glass  wool.  Water,  200  ml,  was 
added  and  the  solution  was  warmed  to  U2°C.  With  good  stirring  this  was 
added  as  rrpldly  as  possible  to  a solution  of  3bO  g (2.0  mole)  silver  nitrate 
In  2.0  liters  water  at  U3°C.  The  temperature  rose  to  51^0  and  a gray-black 
precipitate  formed  almost  instantly.  The  »;ixturo  was  stirred  at  uO°C  for  a 
half  hour,  cooled  to  room  temperature,  nnd  filterod.  Tho  pH  of  th©  filtrate 
was  5.7.  After  it  had  boon  stirred  for  a half  hour,  700  ml  benzene  was  added 
and  the  mixture  was  stirred  20  minutes  longer  at  Uo  to  Ul°C.  The  mixture  was 
filtered,  nnd  the  silver  was  washed  with  additional  benzeno,  Tho  benzene 
layer  was  separated,  concentrated , and  tlsen  steam  distilled.  Benzene  dis- 
tilled first,  followed  by  the  product,  which  was  collected  and  dried.  The 
yield  was  lUo  g (&Q%)  colorless  material,  mp  5h  to 

(2)  Isolation  of  Ammonia  Derivative 

A deformylation  was  run  In  a similar  manner  to 
the  above,  except  that  2.0  molos  of  sodium  hydroxide  instead  of  1.1  mole  woo 
added.  After  the  ammonia  was  added  and  the  mixture  was  stirred  U5  minutes, 

1. Omuls  of  6N  nitric  aoid  was  added  slowly  with  cooling.  A semi-gelatinous 
precipitate  formed.  After  the  oxidative  nitration  the  product  was  isolated 
by  mothanolic  extraction.  On  attempting  to  purify  the  product  by  renrystai- 
llzation  from  hexane,  a hexane-insoluble  portion  was  isolated  in  a yield  of 
3%,  This  oonointod  of  colorless  plates,  mp  182  to  10h°C.  After  it  was  re- 
cryatnlllzed  from  methanol,  then  nitromothana,  then  raethanol-dioxane , it  was 
submittod  for  analysis j the  mp  was  102  to  18U°C. 

Anal.  Calc  * c’  for  C^H^^Ogi  J(,Gt  1*6,27}  *H,  6.9U}  £N,  11.56 

Found  1 Uu.oU}  $1,  6,79}  $N,  12.  ?6 
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5,  Attempted  Preparation  of  2 -N :i t r o-  2 - (methyl - n i t r am i nomo t h vl ) - 


1,3-propanedioj 


Discussion 


(1)  It  han  recently  been  reported  that  2,2-diJi)othyl- 
5-nitro-S-hydroxymethyl~l,  3”clioxane  can  react  in  a Mannich  reaction  to  vield 
the  corresponding  ,5-cuinoraethyl  derivatives** 


>2^  /,H2OH 


f2  P +RNH2‘ 


0 0 

\/ 

CH^  SyCH;J 


N02VCH2™ 

P'  ^*2 

0 0 

NX. 

C»3  XH3 


R ■ H,  Me,  phenyl 


If  the  compound,  where  R * methyl,  2,?-cilmethyl~5-nitro™5~muthylaminoraethyl"' 
1 , 3-dloxane , can  be  nitrated  and  subsequently  hydrolyved  to  the  diol,  a nevr 
and  valuable  nitromonoraer  for  condensation  polymerization  would  result. 


NOjs  GHgAcH- 

\ / 

,<=N 

M3  X0H, 


*x 

t r t 


\ / 


CIUN-CH. 


h^o 


* — 1 C 
H+  ] 


V/H20H 


N-NO, 


Obvioualy,  if  tlds  rryntlusnie  is  practical,  numerous  other  useful  monoinere 
can  he  made  uf?ing  ethylene  diamine,  or  ammonia,  combining  the  synthesis  with 
oxidative  nitration  steps, 

(2)  The  abstract  of  the  abovo-rsotod  reference  given 
no  experimental  details.  A photostat  of  the  original  article  has  boon  re- 
quested. In  the  meantime  attempts  have  been  made  to  prepare  the  desired 
methylamino  derivative.  Treatment  of  the  hydroxymethyl  compound  with  oxcoss 
methyl  ainmonlum  aootate  in  concentrated  aqueous  solution  at  room  temperature 
gave,  only  starting  material.  At  the  boiling  point,  an  oil  soon  separated, 
from  which  two  compounds,  mp  111  to  112°C  and  mp  2li3  to  2k$°C  dec.  were  iso- 
lated. An  elemental  analysis  of  the  compound  melting  at  111  to  112°C  was  in 
agreement  with  that  of  N,N“biB(l-nitro-l»,l4-dimethyl-3,5“dioxa-oyelohexyl- 
methyl)  methyl  amine* 

S.  Malinowski  and  T,  Urbanskl,  Rocsniki  Chom,  2$,  103-212  (1951) i 
C.A.  b6,  7993  (1952). 
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NO.  CH.-N-CH^  NO, 


Tho 
its 
the 

which  could  be  reasonably  postulated. 

(3)  The  desired  mothylamino  derivative  wag  isolated 
when  a solution  of  2,?-dimothyl-5“nitro-5~hydroxymethyl-l,3-'dioxan9  in  aqueous 
mnthylamino  was  neutralized  with  ncntic  acid.  Rocrystallizatlon  from  methanol 
gave  a 35$  yield  of  a material  molting  at  153  to  155°C.  Its  structure  wao 
confirmed  by  conversion  to  a nitroso  derivative,  mp  110  to  111°C.  One  attempt 
to  nitrate  this  material  yielded  only  water-soluble  products.  Other  attempts 
will  bo  mac’e. 


CI1 


CH, 


°'  / 
\/ 


(CH,)2 


CH 


/Us- 


fs 


0 0 

V 

(ch3)2 


reported  melting  point  for  the  desired  methylamino  compound  is  153°C;  for 
nitroso  derivative,  the  mp  is  111  to  112°C.  The  elemental  analysis  for 
material  melting  at  2l»3  to  2U5°C  did  not  agree  with  that  of  any  structure 


b.  Experimental 

(1)  Preparation  of  2,2-Dirniothyl-5-nitro-5-fflet'iyl-" 
ominomethyl-1 , 3-dioxone 

A solution  of  10  k (0.Q5  mole)  of  2,2-dimathyl- 
5-nitro-5-  ydroxymothyl-l,3-dioximo  in  30  ml  l»0$  aqueous  methyl amine  was 
warmed  to  LiO°C,  cooled,  and  with  cooling,  neutralized  with  25  ml  glnciol 
noetic  acid.  A finely  divided  precipitate  formed.  After  dilution  with 
water  tho  product  wnfi  isolated  by  filtration  and  rocrystrllized  from  boiling 
methanol.  Tho  yield  wan  3.5  g (35$  of  thuorotieal)  of  colorless  platen, 
mp  153  to  155°C.  Mnlinowsky  and  Urbanski  reported  a molting  point  of  l53°C. 

(2)  Preparation  Of  2,2-Dimet.hyl-5~nitro-5-metliyl- 
n i t ro  r o ami  nomo  tl  iyl-1 , 3-dioxano 

A solution  oi"  3.0  g (0.015  mole)  of  2,2-di- 
mothyl-5-nitro-5-motliyln:nlnoMiothyl-l,3~dioxnno  in  13  ml  glaciaj  acotic  acid 
wan  stirred  with  l.h  g (0.02  mole)  sodium  nitrite  at  room  temporaturo  for 
one  hour.  On  dilution  with  ice  wator,  a colorless  precipitate  formed,  which 
wan  filtered,  washed  with  wator,  and  recrvetallizad  from  methanol,  yielding 
2.0  g (00$)  of  colorlenM  needles,  mp  111  to  112°C.  Mulinoweky  and  Urbanski 
reported  a molting  point  of  111  to  112°C. 
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(3)  Preparation  of  N, H-bis( 1-Nit ro-U,U-dimethyl- 
3,5-dioxaoyolohexyln),okhyl)  Methvlomine  and 
Unknown  Material,  mp  ?U3  to  2L£5C 

(a)  A 500-ml  t'nreo-necked  flask  fitted  with 
mechanical  stirrer  and  condenser  was  charged  with  110  ml  of  ho£  aqueous 
mathyl amine  (1.2  mole).  Water  (150  ml)  was  added  and,  with  cooling,  glacial 
acetic  acid  was  added  until  the  pH  reached  7 to  8,  This  required  ?3  ml  acetic 
acid.  To  this  solution  waa  then  added  U6  g (0*2l»  mole)  2,2-diraethyl-5>-nitro~ 
5-hydroxvmethyl-l,3-dioxane,  and  the  mixture  v ns  heated  to  boiling  and  re- 
fluxed for  one  hour.  The  mixture  became  homogeneous  bofore  boiling  started, 
and  a few  minutes  later  an  oil  began  to  separate.  On  cooling  to  about  50°C, 
the  oil  crystallized.  The  warm  mixture  was  filtered  and  the  solid  was  washed 
with  water.  The  moist  solid  was  warmed  with  lf30  ml  methanol  which  dissolved 
most  of  it.  To  the  mixture  was  added  Uo  cl  water  and  after  heating  again  the 
solution  was  filtered;  the  solid  was  saved.  The  filtrate  on  cooling  de- 
posited needles  which  were  isolated  by  filtration  and  reoryatallized  from 
9Q«10  methanol-water  to  yield  19  g colorless  needles,  mp  111  to  112°C.  Two 
more  recrystallizatlons  from  methanol  did  not  raise  the  melting  point. 

Anal.  Caloid  for  ^H^N-jOgi  ^C»  k7.7h;  *H»  7-21J  *N»  n*13 

Found j J'JC,  U8.21*  *H,  7.3$;  ‘,oN,  11.21 

(b)  The  materiel  in  the  above  preparation  which 
had  been  insoluble  In  aqueous  methanol  was  recrystnllizod  from  nitromethone  to 
yield  2.2  g colorleaa  plates,  mp  2l*3  to  2U5°G  dec.  Two  more  recrystalliza- 
tions  from  nitromothune  did  not  raise  the  melting  point. 

Anal.  Found!  <C,  U3.98;  %H,  6.21j  #N,  9.83 
C.  NITRO  CARBOXYLIC  ACIDS 
1.  Introduction 


Nitro  dtcarboxylic  acids  are  important  intermediates  for  the 
preparation  of  diisocyanaten  and  starting  materials  for  the  preparation  of 
polyesters.  Thin  report  describes  the  preparation  of  a new  dioarhoxylic  acid 
contrtnlng  a urea  linkage. 

2,  Preparation  of  Dimethyl  h,b,12,12-Totranltro-7 ,9-dlazn.- 
B-ketol-l,l^-poniac1ocaneHIoat.a 

a.  Discussion 

The  physical  properties  of  condensation  and  addition- 
type  polymers  depend  on  the  struct  to  of  the  starting  monomers.  Several  types 
of  nitrodicarboxylic  acids  containing  gem  dinitro  groups,  nitramlno  groups, 
or  both  of  these,  have  been  prepared.  This  report  deale  with  the  preparation 
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of  a nitrodicarboxylio  acid  containing  a urea  group.  Tbs  new  compound,  di- 
methyl U,U,12,12"totrBnitro-7,9”dias5a-8-keto-l,l5“pentadecanedioato,  has  been 
prepared  by  the  reaction  of  U,U-dinitro-6-oarborcethoxyhexyl  isocyanate  with 
water,  according  to  the  equation* 


f°2 

2CH^OOCCH2CH2CCH2CH?^CO  + H20 
•hL02 


)2  f2 

GK3OOCCH2CH2(j!OH2OH2NH-C-NHCH2CH2CCH2CH2COOCH3  + OOg 

NO- 


»2  0 


It  1b  planned  to  convert  the  new  eotor  via  the  aside  into  the  corresponding 
diisocyanate. 

b.  Experimental 

A round-bottom  flask  wan  charged  with  60  g 6-carbo- 
methoxy-U,U-dinitrohexyl  isocyanate  and  a mixture  of  1(30  ml  acetone  and  60  ml 
water  was  added.  The  mixture  warmed  up  immediately  and  was  refluxed  until 
the  crystals  precipitated.  Upon  cooling  the  whole  mass  solidified.  The 
crystals  were  collected  on  a Buchner  funnel,  washed  with  water,  and  50  g was 
recrvstallized  from  acetone-water.  A small  amount  was  recrvstalliaed  from 
othyleno  dichloride  for  analyaisj  the  mp  was  159  to  l60°C. 


Anal.  Calo'd  for  Jfc,  36.29)  W,  U.B7;  tN,  16.93)  OCH^  12.51 

Found*  tO,  36.71)  ,01,  U.92|  t»,  17.36;  001)^12.12 

3 . Preparation  of  li , 7 ,10-Trinl tro-h , 7 ,10-trlazo-l ,13-tri- 

HoctinciiUoyl  fchlorlae 

a.  Discussion 

The  previous  report  described  the  preparation  of 
U,7,10-trinitro-h,7,10-tria7.n-l,13-tridecnnodioic  acid.*  The  preparation  of 
larger  quantities  of  this  acid  and  work  on  the  subsequent  intermediates  in 
the  proposed  synthesis  of  3,6,9-trinltro-3»6,9-trinza-l,ll-und6cane 
diiaocyanate  have  been  hindered  by  the  low  yiolds  encountered  in  the  prepa- 
ration of  l4,7,10-trinitro-l4,7,10-triaza-l,13-trid«CHnn  dinitrilo  (nee 

Jf  L-  ■ ■ 

Aerojet  Report  No.  663,  p.  77. 


Page  68 


CONFIDENTIAL 


tP'8fi8P‘  SHMHmmmi 


CONFIDENTIAL 


V Technical  Progress,  0 (cent.) 


Report  No,  686 


< 


i • 

i 

[ 

i 


I 


\ 


I 


Section  V,E,1)«  However,  a single  attempt  has  been  made  on  a email  scale  to 
convert  the  acid  to  the  corresponding  acid  chloride.  The  acid  chloride  hae 
been  obtained  only  in  an  impure  state. 

b.  Experimental 

A mixture  of  lU.9  g (0.03?  mole)  Ij , 7 ,10-trinit ro- 
b,7,lQ-triaea-l,13-trldecanedioic  acid,  2 $ g (0.12  mole)  phosphorous  penta- 
chlorldo,  and  38  ml  phosphorous  oxychloride  was  wanned  on  the  steam  bath. 

Because  there  was  no  apparent  solution  of  the  acid  after  a brief  hooting 
period,  an  additional  62  $nl  phosphorous  oxyohloride  was  added,  and  heating 
was  continued  at  gentle  reflux  temperature  for  a period  of  four  hours.  The 
product  crystallised  from  solution  as  the  latter  cooled  to  room  temperature. 

The  acid  chloride  was  collected  by  filtration  and  washed  successively  with 
dry  carbon  tetrachloride  and  absolute  etherf  the  mp  was  95  to  120°C.  The 
product  was  recrystallized  twice  from  lr<5  to  200-ml  portions  of  hot,  dry, 
ethylene  dichloride  to  yield  8.7  g,  mp  98  to  10b°C. 

D.  NITRO  ISOCYANATES 

1,  Introduction 

Nitro  isocyanates  have  boon  shown  to  bo  versatile  starting 
materials  for  the  preparation  of  polyurethanes  and  polyuroas.  They  also 
serve  as  intermediates  for  the  preparation  of  compounds  containing  functional 
groups.  The  present  report  describes  an  alternate  procedure  for  the  prepara- 
tion of  3,3-dinitro-l,5-pontane  diisocyanatc  in  which  the  isolation  of  the 
hazardous  azide  is  avoided.  The  isolation  of  S-carbomethoxy^b^i-dinitrohexyl 
isooyanate  la  also  reported. 

2.  Preparation  of  3. 3-Mnitro-l,5-pnntario  Dlisoeyanate 
a.  Discussion 

The  present  method  for  the  laboratory  preparation  of 
3, 3-dinltro-l, 5-pentane  diieocyanate  involves  the  conversion  of  b.b-dlnitro- 
1,7-heptanedioyl  chloride  to  the  diieocyanate  via  the  diazido.*  The  use  of 
this  method  on  a largo  scale  produces  serious  safety  hazards  bocaune  of  the 
danger  involved  in  the  handling  of  the  solid  dlnitrohoptnnedioyl  azide.  A 
method  has  been  devised  which  eliminates  this  hazard  without  sacrificing  yield 
or  quality  of  product.  The  method  involves  a heterogeneous  reaction  involving 
the  addition  of  a chloroform  eolation  of  b ,b-d1nltro-l,Y-heptancdioyl  chloride 
to  an  aqueous  solution  of  sodium  azide.  The  b.b-dlnltro-1 ,7-haptar.edloyl  azide 
is  never  present  in  the  solid  state  but  remains  in  the  chloroform  layer.  The 
chloroform  layer  is  Beparatod,  washed  with  water,  and  dried  over  sodium  eul* 
fate.  The  decomposition  of  tho  diazido  and  tho  isolation  and  purification  of 
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the  3, 3-dinitro-l, 5-pentane  diisacyanaie  are  than  carried  out  in  the  established 
manner.  It  is  quite  probable  that  similar  heterogeneous  reactione  can  b©  ap- 
plied to  the  preparation  of  othor  isocyanates. 

b.  Experimental 

A (solution  of  20.7  g (0,1  mole)  )j,h-d:lnitro-l,7-heptane- 
dioyl  chloride  in  150  ml  dry,  alcohol-froe  chloroform  was  added  in  a fino  strenm 
to  a solution  of  19.5  g (0.3  mole)  sodium  azide  in  50  ml  water  during  a 5-min 
period,  at  0 to  5°C.  Stirring  was  continued  for  two  hours  at  0 to  5°C.  The 
aqueous  phase  was  separated,  washed  twice  with  75-ml  portions  of  chloroform,  and 
washed  a third  time  with  25  ml  chloroform.  These  chloroform  washes  and  the 
chloroform  layer  from  the  reaction  mixture  were  combined,  washed  twice  with 
100  ml  of  water,  and  then  dried  over  Uo  y anhydrous  sodium  sulfate  with  stirring 
during  a 15-min  period.  The  drying  agent  wan  removed  by  filtration  and  washed 
with  dry  chloroform.  A portion  of  the  chloroform  was  distilled  from  tho  com- 
bined filtrates  under  diminished  pressure  to  ensure  complete  removal  of  the 
water.  The  diazido  was  decomposed  by  warming  tho  chloroform  solution  on  the 
steam  bath.  In  this  latter  process,  the  temperature  was  maintained  sufficiently 
high  to  cause  the  continued  distillation  of  tho  chloroform.  The  solution  was 
distilled  to  near  dryneas.  On  chilling  the  residue,  the  crystalline  diiso- 
cyanate precipitated.  The  mixture  wa*  diluted  with  absolute  ether,  and  the 
product  was  separated  by  filtration  and  washed  with  a small  amount  of  absolute 
ether.  The  diisocyanato  was  redissolved  in  absolute  other  at  30  to  35°C.  The 
product  recryatallizod  on  chilling  this  solution.  Tho  material  was  separated 
rapidly  by  filtration,  washed  with  a small  amount  of  abnoluto  othor,  and  trans- 
ferred to  a vacuum  desiccator  over  phosphorous  pentoxido.  When  the  product 
was  thoroughly  dried,  an  analysis  was  run  which  showed  a purity  of  ?8. L$.  The 
3, 3-dinitro-l, 5-pentane  diisocyanate  weighed  15.5  g,  corresponding  to  63, 5£ 
of  the  theoretical. 

3,  Preparation  of  6-Carbomethox,y-U,l4-dlnitrehexyl  Isocyanate 
a.  DlacusHion 

Isocyanatos  containing  functional  groups  are  valuable 
intermediates  for  the  preparation  of  multifunctional  compounds.  For  example, 
monoi aocyanatos  react  with  water  giving  uroae,  thus  doubling  tho  molecule  and 
forming  a bl  functional  compound.  6-CarbomsthoxywU,i|-dinitrohoxanolc  acid* 
was  converted  into  the  6~c  arbome tho xy-h , u-d i nitrone xyl  isocyanate  according  to 
the  following  serins  of  equations! 
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NO. 


NO, 


CHjOOCCHgCHgOCHgCHgCOOH 

Ao2 


CH^OOGCHgCHgCCHgCHgCOCl 

io2 


no2 

CH.,OOCCH„CH*CCKrtCH^CON, 

J C C j c *.  .1 

NO„ 


<0, 


->CH-OOCCH0CH0OCH0CH0N-CO 

j d 2 \ d d 

N0_ 


Tho  new  isocyanate  has  already  been  converted  into  a dicarboxylic  acid  and 
will  be  used  for  the  preparation  of  compounds  suitable  for  the  nitropolymer 
program  and  the  coating  of  RDX. 

b.  Experimental 

A round- bottom  flask  provided  with  a reflux  condenser 
wao  charged  with  500  ml  thionyl  chloride  and  100  g 6-carbomothoxy-U,h-dinitro- 
hexanoic  acid*  The  mixture  was  rofluxod  for  3 hr.  The  excess  of  the  thionyl 
chloride  was  then  removed  in  vacuum.  The  yellow  residue  was  dissolved  in 
100  ml  acetone,  and  the  acetone  solutiosi  was  dropped  into  a solution  of  50  g 
sodium  azldo  in  350  ml  wator  with  'tirring.  The  addition  took  15  minutes. 

The  cloudy  mixture  was  then  stirred  for  U5  minutes  at  20°C.  The  aside  was 
extracted  twice  with  500  ml  chloroform,  and  the  chloroform  solution  was  washed 
with  water,  5%  aqueous  sodium  bicarbonate,  $%  aqueous  sodium  blsulfito,  and 
water  again.  The  solution  was  then  dried  over  sodium  sulfate  and  filtered. 

The  oolution  of  the  azide  was  heated  until  decomposition  started  and  refluxed 
for  60  mlnuteJ,  and  the  chloroform  was  removed,  leaving  60  g of  6-oarbomethoxj^ 
b,h-dinitrohexyl  isocyanate.  A small  amount  was  distilled  at  1 micron  and 
lUo  to  150°C  airbath  temperature),  n$*  " 1.L|793. 

Anal.  Calc'd  for  )lC,  36.78}  %\{,  U.25|  %U,  16.09 

Foundi  %C,  3?.37j  %W,  l*.58j  16.U6 


I 


E.  INTERMEDIATES 


1 . Attempted  Proparation  of  l4,7,10-Trlnltro~h,7,10-trlaza- 

1,13-trldoc.ane  Dlnitrile 

a.  Discussion 


Tho  synthesis  of  3>6,9-trinitro-3,6,9-triaza-l,ll-un- 
decune  diisocyanate  was  proposed  in  tho  previous  rouort..  Experimentally,  tho 
synthesis  was  carriod  as  far  as  the  preparation  of  u,7,10-trinitro-U,7,10~ 
triaza-l,13-tridecanedioic  acidt 
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HN(CH2CH2NH2)2  ♦ ZCHg-CHCN — > HNfCHjCHgNHGHgCHgCNig > 


,2  | 2 T2  j 2 

N ( CHgCH^NGHgCHgCN ) g > NfGHpCHgNCHgCHgCOgH)  2 

During  the  period  covered  by  this  report,  efforts  were  made  to  improve  the 
method  of  preparing  U,7,10-trinitro-l,7,10~triaaa-l,13-trldecane  dinitrile. 
Attempted  nitrations  of  the  tria-nitrlc  acid  salt  of  U,7,10-triaze-l,13-tri- 
decone  dinitrile  were  mods  using  anhydrous  nitric  acid-boron  trifluoride, 
anhydrous  nitric  acid-boron  trifluorids-chloride  ion,  and  anhydrous  nitric 
acid-boron  trifluoride-chlcride  ion-acetic  anhydride  mixtures.  Only  the  ni- 
trating mixture  containing  acetic  anhydride  gave  ths  desired  U, 7, 10- trinit ro- 

11.7.10- tri&za-l,13-trideoane  dinitrilo,  but  ths  yield  was  very  low.  The 
product  was  contaminated  with  a nitroso  compound  which  gave  an  analysis  in~ 
dicating  h,10-dinitro-7-nitro8o-L,7,10-tria!sa-l,13“tridecane  dinitrilo  or 
l*,7-dinitro-10~nitroBO“Lt,7,10-*triaza-l,13-tridecane  dinitrile  as  possible 
structures.  On  hydrolysis  of  the  mixture  of  nitrated  products  the  U,7,10-tri- 
nitro-U#7,10-triftza-l,13-tridecanedloic  acid  was  the  eolo  product  isolated. 
However,  the  overall  yield  of  the  acid  from  the  tris-nltrtc  acid  salt  of 
h,7,10-triaztt-l,13-tridecane  dinitrile  was  only  17%  of  the  theoretioal. 

b.  Experimental 

Following  the  addition  of  5.5  ml  boron  trifluoride 
to  ill  ml  anhydrous  nitric  acid  at  0 to  5*fc,  the  cold  solution  was  added  drep- 
wis©  with  vigorous  stirring  to  a mixture  of  27  g of  tho  trls-nitrio  acid  salt 
of  h, 7, 10-triaza-l,13-tri decane  dinltrile,  97  ml  acetic  anhydride,  and  5.6  ml 
acetyl  chloride  at  20°G  during  a 10-min  period.  The  mixture  was  stirred  at 
20°C  for  one  hour,  chilled  to  0°C,  and  poured  into  an  ioe  and  water  mixture. 

The  precipitate  was  collected  by  filtration,  washed  successively  with  cold 
water,  methanol,  and  absolute  ether,  and  air-driod.  Tho  crude  product  weighed 
15.7  g and  melted  at  85  to  120°C.  The  material  was  re crystallized  from  200  ml 
acetone  yielding  Crop  I (5.7  g,  mp  126  to  13?0C)  on  cooling  the  solution  to 
room  tomporature.  Crop  II,  h.5  g,  separated  from  tho  filtrate  on  the  addition 
of  absolute  ether  to  turbidity.  Crop  III  (1.5  g,  mp  85  to  90°C)  was  obtained 
on  tho  further  addition  of  ether  to  the  filtrate  from  Crop  II.  Crop  III  molted 
at  90  to  92°C  following  two  recrystnlllzationa  from  methanol.  This  material 
gave  a positive  Lieberman  test  for  a nitroso  group. 

Anal.  Calc'd  for  C^H^NqO^i  J*3,  36.50J  *H,  h.90j  *N,  3h.lU 

Foundi  %G,  36.98;  %U,  U.90;  ;CN,  35. hO 

Possible  formulae  which  correspond  to  the  above  data  are  l4,7-dlnitro-10-nitroso- 

14.7.10- trlaza-l,13-tridecnne  dinltrile  and  lt,10-dinitro-7-nitroBO-l4, 7,30-triaza- 
1,13-tridecano  dinitrilo.  The  latter  is  the  more  probable  structure. 
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2.  Attempt  ad  Preparation  of  Dl-fP-amlnoetliyD-i'iltramjLne 

Unsuccessful  attempts  to  obtain  h,7,lG-trlnitro-l4,7,10-trI- 
aza-l,13~tridecane  dinltrlle  by  direct  nitration  wore  described  above.  An 
alternate  method  for  tho  synthesis  of  this  compound  is  schematically  shown 
below.  Thla  method  proposed  the  preparation  of  di(p-mninpothyl)~nitramins 
(III)  which  on  cyanoethylation  and  subsequent  nitration  would  yield  U,7,10“ 
trinitro-lt,7t10-tria»a-l,13-tridecane  dinitrile  (V),  according  to  the  equation* 


* 


I 


2C6HgCHO  + NH(CH2CH2NH2)2 ) NHfCH^HgN-CHC^g 

(I) 


(I) 


NO, 


> M(GH2CH2^0H06H^)2 
(II) 


f°2 

n(ch2ch2nh2)2 

(m) 


NO, 


(III)  ♦ 2CH.-CHCN 


A ( CHgCHgNHOH  jjGHgCN) , 
(IV) 


f2 


N°2 


->  N(CH2CH2NCH2CH2CN)2 
(V) 


The  Schiff  base  was  obtained  as  a waxy  product,  mp  U7  to  52°C,  insoluble  in 
water.  No  suitable  solvent  was  found  for  roc  ryot uJllzat ion.  Upon  attempting 
to  isolate  the  nitric  acid  salt,  the  trie-nitric  acid  salt  of  diothylene  triwnine 
was  obtained  as  a result  of  the  hydrolysis  of  the  Schiff  bane. 


3.  Attempted  Preparation  of  Dl-(p-cyanoethyl)-nltramlne 
a.  Discussion 


Calculation  of  tho  specific  impuloe  of  3-nltro~3-aza~ 
1,5-pentano  di isocyanate,  and  more  important,  the  opocific  irapulao  of  tho 
pontnltrated  polymer  with  2,2-dinitro~l,3"propnnodiol,  nhow  that  thin  monomor 
would  be  very  denlrahlo  from  the  standpoint  of  high  energy.  The  polymer  of  tho 
diisooyanato  with  2, 2-dinitro-l, 3-propanediol  has  a calculated  specific  Impulse 
of  167  Ibf-soc/lbrn,  and  the  postnitrated  polymer  has  a calculated  specific 
impulao  of  215  lbf«soo/lbm.  Tho  proponed  synthesis  of  3“nitro-3-aztir-l,5-pontftno 
dlltiocyanato  (VI)  is  schematically  outlined  below* 

f°2 

2oh2"Chcn  + nii3 — *hn(ch2ch2cn)2-~— ->n(ch2ch2gn)? 

(I)  (II) 


N°2 

N(CH2CH2C02H)2 

(m) 


“V  I ■ I •! 


N02 

NfCHgCH^NCO), 

(VI) 
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Di-(p-cyano9thyl)-ajnine  (l)  was  prepared  by  the  addition  of  acrylonitrile  to 
aqueous  ammonia  in  much  the  same  manner  mu  used  by  Guo,  Ford,  and  Wide4*  arid 
Wiedemann  and  Montgomery. **  The  attempted  conversion  of  thin  product  to 
di~(<3~cyanoethyl)~nitramine  (II)  using  an  anhydrous  nitric  acid-acetic  anhydride 
mixture  oontalnlng  a chloride  catalyst  gave  only  water-soluble  products.  A 
similar  nitration  wan  carried  out  using  di(p-carboxyethyl) -amine  hydrochloride. 

The  replacement  of  the  cyan©  groups  with  carboxyl  groups  was  expected  to  yield 
a loss  basic  amine  with  a greater  probability  of  successful  nitration.  Un- 
fortunately, tiiin  nitration  also  yielded  water-soluble  products.  The  di-(p-earb- 
oxyethyi) -amine  hydrochloride  was  obtained  by  the  hydrolysis  of  di-tp-cynnoethyl)- 
amine  in  concentrated  hydrochloric  acid. 

b.  Experimental 

(1)  Preparation  of  Di-(p-cyanoethyl) -amine 

Acrylonitrile  (530  g;  10  moles)  was  added  dropwisa 
at  20  to  25°0  to  695  ml  (5  moles)  2&A  aqueous  ammonia  during  a 15  to  20-rain 
period.  When  addition  of  the  acrylonitrile  was  complete,  the  temperature  of 
the  reaction  mixture  began  to  rise,  and  external  cooling  was  required  to  main- 
tain the  tomperature  below  30°C.  Losa  cooling  was  inquired  as  the  reaction  pro- 
ceeded. After  a 3-hr  period  of  otirring  at  25  to  30°C,  the  solution  wan  warned 
at  U0°C  for  30  minuton.  The  water  was  distilled  undor  reduced  pressure,  and 
the  following  data  were  taken  during  the  distillation  of  the  product. 

Cut  1 1 bp  90-l5U°C/0.5  mm;  63.2  g;  n£3  1.14550 

Cut  III  bp  l5U-l56°G/0,5  mm;  1*30  g;  n£3  l.h620. 

Cut  IIIi  bp  l5U°C/0.5  mm;  52  g;  n£3  I.I4625 
Rfcsiduei  23  g 

Guts  II  and  III  correspond  to  a 78, U%  yield  of  di-([3-cynnoothyl)-~amin6.  The 
nitric  acid  salt,  mp  133  to  135°C,  wan  prepared  by  the  addition  of  nitric  acid 
tc  a cold  solution  of  a sample  of  Cut  II  in  ethanol.  This  salt  was  quite 
water-soluble. 


(2)  Preparation  of  Di-(fl-cnrboxyethyl) -amine 
Hydrochloride 

D i-  ( <1  - c y ano  « t ny  l ) - ur  d no  (123  g;  1 raolo)  was 
added  dropwiae  with  stirring  to  2$0  ml  (3  moles)  concentrator)  hydrochloric 
acid  while  the  temperature  was  held  below  h0°C  by  external  cooling.  The  re- 
sulting solution  was  rapidly  heated  to  95°G  on  the  steam  bath.  Without  further 

*J.  Am.  Cliem.  doc.  67,  92  (19U5)» 

^ *J.  Am.  Chem.  Soo.  67,  199k  (19U5). 
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heating,  the  temperature  rose  to  ll£  to  1 ?0°0 » During  a lS'-ml n period,  the 
temperature  of  the  aolution  dropped  to  100°C  with  the  precipitation  of  a white 
•wild.  An  additional  38  ml  (0.U6  mole)  concentrated  hydrochloric  acid  was 
added,  and  stirring  was  continued  Jfor  18  hr  while  the  temperature  was  main- 
tained at  90  to  95°C  by  means  of  the  steam  bath.  Stirring  became  difficult 
with  the  precipitation  of  additional  solid  as  the  mixture  was  oooled  to  room 
temperature.  Tho  solid  was  collected  on  a sintorod-glase  Duchnor  funnel  and 
washed  encore  si  vely  with  f>00-ml  portions  of  acetone  and  absolute  ether.  After 
thorough  drying  in  a vacuum  desiccator  ovor  potassium  hydroxide,  the  crude 
di*(fl-c«srboxynthyl)-«ml.ne  hydrochloride  weighed  216.5  g (theoretical  yield, 
197,6  g)*  The  Material  vms  contaminated  with  ammonium  chloride.  As  attempts 
to  purify  namples  of  the  hydrochloride  by  extraction  with  hot  absolute  ethanol 
or  isopropanol  were  unsatisfactory,  tho  material  was  not  further  purified* 

The  structure  of  the  crude  product  was  verified  by  conversion  to  di-(p-carb- 
oxyethyl)-nitrosamine* 

U*  Attempted  Preparation  of  b,6-Diaza~lI9"nonone  Dinltrllo 

Two  unsuccessful  attempts  to  carry  out  the  Michael  reaction 
involving  methylene  diamine  and  acrylonitrile  were  conducted  in  order  to 
prepare  u,6-diaza-l, 9-nonane  dinitrile  (i),  an  intermediate  for  the  pro >o sod 
synthesis  of  3,5-dinitro-3,5-diaza-l,7-lieptane  diinocyanate  (VI) t 

2ch2-chcn  + ch2(nh2)2«2hci--^?5'-)ch2(^ch2ch2cn)2 

(I) 

V°2  f02 

* CH2(NCH2CH?CN)2 > CH2(NCH2CH2C02H)2 

(II)  (III) 


NO- 


-»CH2(NCH2CH2OOC1)2  — 

(IV) 


f2 

•CH2(NCH2CH2CON3)2- 

(V) 


NO, 


-*  CH2(NCH2CH?NOO)2 

(VI) 


The  only  product  isolated  from  tho  initial  reaction  wus  dl-(p-cyanoothyl)- 
ainine.  This  tnatorial  evidently  rerults  from  the  degradation  of  the  methylene 
diamino  to  ammonia  followed  by  the  Michael  addition  of  two  moles  of  acrylo- 
nitrile with  the  ammonia.  Further  work  on  this  problem  will  bo  postponed  until 
u later  date, although  tho  eventual  preparation  of  the  dlisocyanate  is  de- 
sirable* 
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The  polymer  prepared  from  3,5-c,initro-3,5“di*!iP-l,  7-heptane 
diieocyanate  and  2,2-dinitro~l,3-FroPan°diol  has  a calculated  specif io  im- 
pulse of  107.8  Ibf  seo/lbm,  and  the  postnltrated  polymer  has  a calculated 
apecifio  impulse  of  22?. 9 Ibf  sec/ltsn. 

5m  Preparation  of  5,5-Dlnltro-2-hsxene 

a.  Discussion 

(1)  Treatment  of  5#5-dinitro-2-hexanol  with  sulfuric 
acid  yielded  a hexane-aoluble  oil  with  the  properties  of  dinitrohex®na.#  Tha 
position  of  the  double  bond  ir.  this  compound  was  not  completely  established,  as 
it  could  bo  either  a 1-  or  a 2-hexane i 


ch3c(  no2)  2ch2ch2cho;ich3 


^CHjC  ( no2  ) 2ch?ch-ch-ch3 

^ CH3C ( NO? ) gCHgCHgCH- CHg 


That  this  compound  is  at  least  principally  the  5,5-dinitro-2-hexono  has  now 
been  conclusively  ostablialiod  by  the  isolation  of  the  now  3,3-dinitrobutyrio 
acid  upon  oxidation  with  permanganate.  5,5-Dinitro-l-hexBno  would  give  the 
known  U,U-dinitrovaleric  aoidi 

CH3C(N02)2CH2CH-CH-CH3  CH3C(N02)2C i2CH2CH-CH2 

CH3C(N02)2CH2C02H  + CH3C02H  CH3C(N02)2CH2CH2C02H  + HCOgH 

Tha  yield  of  5,5-dinitro-2-hex«ne  from  5,5-dinitrG-2-hexftnol  (originally  re- 
ported an  29#)  hae  been  raised  to  66#  when  the  reaction  was  conducted  using 
slightly  larger  quantities.  The  oxidation  is  described  in  Section  V,A,3. 

(2)  The  success  of  the  above  oxidation  indicates  that 
tlio  5,5,5-trinitropontene  isolated  by  dehydration  of  5,5,5-trinitro-2-pontanol 
with  sulfuric  aoid,w-  Is  undoubtedly  5»5»5-trinitro-2-pontene.  It  likewise  in- 
dicates that  the  currently  unknown  3,3, 3-dinltropropionic  acid  might  be  readily 
available  from  the  permanganate  oxidation  of  this  5,5,5-trinltro-2-pnntene  or 
the  li,U,h"trinitro-l -butene  recently  available  from  silver  nitroform  and  ally! 
bromide. ***  Those  oxidations  will  be  attempted  when  time  pormits. 


*A<>roJet  Report.  No.  630,  p.  77. 

"IHf 

Aerojet  Report  No.  622,  p.  71. 

Rohm  St  Haas  Co.,  Quarterly  Progress  Report  P-52-1,  Juno,  1952j  Quarterly 
Progroan  Report  P-52-3,  September,  1952. 
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b.  Experiment el  - Preparation  of  5, 5 -Din it ro- 2 -hexene 

Five  drops  of  oone.  sulfuric  acid  wee  added  to  a 
b.O-K  portion  of  5,5-diRitrc~2-hexanol  in  a 6-in.  test  tube.  The  solution  was 
boiled  (behind  a aafety  shield)  over  a free  Plane  until  a second  black  phase 
developed.  This  required  about  lO  seconds.  Eight  such  runs  were  combined 
and  extracted  with  hexane.  The  hexane  solution  was  washed  with  water,  dried, 
and  evaporated  through  a 15-in.  glass-helices-paoked  column  at  atmospheric 
preonure  and  then  at  water  pump  pressure  at  30^0.  The  residue,  2 5 g,  wao 

2*1 

distilled  at  1 to  2 ma,  yielding  a 0.5-g  forerun,  lel*$5l*.  and  19  g 
of  colorless  product  (66)1  of  theoretical),  bp  5 9 to  6o°C,  1.1*557. 

6.  U,U-Dinitrovaleraldahyde  from  Oxidation  of  5,5-Dlnltro- 
1 , <?-hexanedlol 


a.  Discussion 

The  structure  of  5»5,5-trinitro-l,2“pontanedlol  was 
confirmed  by  oxidation  with  periodic  acid  to  give  l*,l*,l*-trinitrobutanal.* 
This  oxidation  ho.fi  now  been  run  with  5»5-dinitro-l,2~hexane-diol**  to  yield 
l*,U-dinitrovaleraldehyde,  identical  with  that  reported  by  H.  Shechter  et  al. 
from  dinitroethano  and  acrolein. *** 


b.  Experimental 

A solution  of  20.5  g (0,09  mole)  periodic  acid,  H$I06, 
in  90  ml  water  was  added  over  10  minutes  to  a solution  of  16  g (0.075  mole) 
5,5-dinltro-l,2-hexanediol  in  80  ml  water  at  23  to  25°C.  The  separated  oil 
wao  taken  up  in  mothylorie  chloride.  The  solution  was  washed  with  water,  dried 
ovor  Drierite,  and  evaporated  to  dryness,  leaving  13.5  K of  crude  dinitro- 

pontanal,  nV*  3.1*61*1.  A sample  who  twice  distilled  in  a bulb  tube  at  Oo  to 
o ^ 

90  C and  5^  to  yield  a colorless  oil,  1.1*61*0. 

Anal.  Calc'd  for  C^HgN^:  %,  3h.09;  %\\,  i*,58;  £N,  15.91 

Found*  ’lie,  3l*.2l*;  %\\,  !*.5l;  £N»  15.78 

The  2 , Ij-oinit  rophenylhydraaone  gave  yellow  plates  from  othanol-dioxane,  mp  137 
to  130°C. 

Anal.  Culo'd  for  C-^H^gN^Ogi  fN,  23.59 

round*  %N,  23.88 

*AeroJot  Report  No.  563,  p.  79. 
tt*Aorojot  Report  No.  638,  p.  85. 

* '*Oh3o  State  University  Roport  No.  3,  October,  1950,  p.  10. 
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7.  Preparation  of  5-Nttro-l,3-dioxftncg 

a.  Discussion 

The  method  of  preparing  the  acetone  derivatives  of 
1,3-diols,  us me  excess  acetone  with  one  mole  of  diol  and  one  molo  of  boron 
trlfluorido  o the rate,  as  exemplified  by  2-nitro-2-methyl-l, 3-prop anediol,  nib 
glycerol,  and  2, 2-dlnitro-l, 3-prop nnediol,*  scorns  to  bo  of  general  appli- 
cability; and  it  appeared  of  interest  to  determine  whether  the  scope  of  the 
reaction  oould  be  broadened.  In  the  case  of  water-insoluble  aldehydes  and 
ketoneawhera  exoeos  reagent  would  interfere  with  isolation  of  product,  the 
reaction  is  successfully  run  in  acetonitrile  with  only  a email  excess  of 
carbonyl  compound.  Paraformaldehyde  was  successfully  used  as  a source  of 
formaldehyde  in  acetonitrile.  The  reflation  was  also  succesnfully  applied  to 
a nitro  diol  containing  an  active  hydrogen,  2-nitro-l,3-propanodiol. 

b.  Experimental  - Preparation  of  2-Methyl~2,5-diothyl- 
5-nitro-l, 3-dioxane 

•A  200 -ml  Erlenraeyer  flask  was  charged  with  15  g (0.1 
mole)  2-nltro-2-ethyl-l, 3-propanedlol,  8 g (0.11  mole)  methyl  othyl  ketone, 

20  ml  aoetonitrile  ard  13  ml  (0.1  mole)  boron  trlfluorido  ethorato.  Heat  was 
evolved  and  all  dissolved.  The  solution  was  warmed  for  10  minutes  on  a -team 
bath  and  poured  into  a mixture  of  9 g sodium  bicarbonate,  80  ml  water,  and 
excess  ice.  The  precipitated  oil  won  taken  up  in  methylone  chloride  and  dried 
over  Drieriie.  Evaporation  to  drynesti  left  15  g of  a light-tan  oil  which  could 
not  be  crystallized.  It  was  distilled  st  reduced  pressure  to  yield  11  g <&Q%) 

of  a colorless  middle  cut,  n„  1.U571,  bp  65  to  70  C at  0.5p.  A small  sample 

was  redistilled  in  a bulb  tube  as  above  to  yield  a middle  out,  l.l}569, 
wliich  was  submitted  for  analysis. 

Anal.  Calc 'd  for  CyR^NO^i  5 (C,  53.18;  JKH,  8.h3;  *N,  6.89 

Found i 1C,  52.11;  *H,  8.27;  £N,  7.27 
(2)  Preparation  of  5-Methyl-5-nitro-l, 3-dioxane 

A 200-ml  flask  was  charged  with  13.5  g (0.1  mole) 
2-nitro-2-methyl-l, 3-propanediol,  li  g (0.13  mule)  paraformaldehyde,  20  ml 
acetonitrile,  and  13  ml  (0.1  mole)  boron  t ri fluoride  ethorato.  All  dissolved 
rapidly  except  the  paraformaldehyde.  The  mixture  was  boiled  for  5 minutes  on 
a steam  bath,  at  which  time  ttw  poraformaldohyde  had  disappeared.  The  solution 
waa  poured  into  9 g sodium  bicarbonate,  80  ml  wator,  and  axceso  ico.  A 
crystalline  solid  precipitated.  This  waa  washed  with  ice  water  and  dried 
in  vacuo  to  yield  3,2  g,  mp  67  to  69°C.  Recrystallization  from  aqueous  methanol 


*Aero  Jet  Report  No.  663,  p.  72. 
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gave  ll  g (73!?)#  wp  70  to  71  °C,  Sonicus  has  reported  a meltinr,  point  of  7l°C.* 
A oamplc  was  recrystallized  from  aqueous  methanol  then  from  ethanol  and  oub- 
mitted  for  analysis. 

Anal.  Calc 'd  for  CgHpNO^i  ft,  bO.Clj  /.H # 6.17;  #N,  9.52 

Found i ft,  bO.Blj  *H,  6.17;  %N,  9.8U 

(j)  Preparation  of  2, 2-Dimethyl-5-nitro-l, 3-dioxane 

The  adaition  of  6.5  ml  (0.05  mole)  of  boron 
trifluoride  etherate  to  a solution  of  6,0  g (0.05  mole)  of  raononitropropane- 
diol  in  12  ml  acetone  caused  tha  evolution  of  heat  and  darkening.  After  10 
minutea,  the  solution  was  poured  into  60  ml  IN  sodium  bicarbonate  and  ice. 

The  crystalline  solid  was  washed  with  ice  water  and  air-dried  to  yield  3.1  g 

(37$,  mp  60  to  6l°C.  A sample  waa  recryatallized  from  aqueous  methanol  and 
then  hexane  to  yield  colorless  plates,  mp  60  to  6l°C, 

Anal.  Calc ’d  for  ft,  UU.71;  %\\,  6.88;  #J,  8.69 

Found:  ft,  1:5.32;  %tit  6.78 ; $4,  8.52 
8 • Reaction  of  Halo  Nltro  Compounds  with  Metals 
a.  Discussion 

(1.)  As  reported  previously,** the  Michael  reaction 
of  chloronltro  compounds  with  mothyl  acrylate  was  undertaken  to  provide 
Intermediates  for  the  preparation  of  unsaturnted  nitro  compounds  and  bi- 
functional nitro  compoundn.  While  removal  of  halogen  and  formation  of  a 
double  bond  foiled,  the  reaction  with  metals  was  studied  in  order  to  prepare 
bifunctionnl  nitro  compounds.  However,  this  reaction  also  failed,  but  it 
haa  boon  observed  previously  that  mothyl  U-nitro-li-chioropentonoata  and  zinc 
metal  reacted  rapidly,  with  the  formation  of  a white  precipitate  of  unknown 
structure , This  white  compound  was  found  to  bo  insoluble  in  water  and  in  all 
common  organic  solvents,  thereby  making  purification  impossible.  It  was  found 
that  the  white  precipitate  contained  zinc,  and  It  reacted  with  dilute  mineral 
acids  with  the  formation  of  mothyl  iHceto-pontanonto.  When  1-brorao-l-nitro- 
cyclohexane  wan  uoocl  the  white  precipitate  gave  cyclohexanone  upon  treatment 
with  hydrochloric  acid.  Methyl  h-chloro-li-nitrohoxanoate  was  converted  Into 
methyl  li-lcctohexanoato. 


to  form  hydroxyl  amines. 


Zinc  metal  reacts  with  aliphatic  nitro  compounds 
No  information  is  available  regarding  the  reaction 


*«J.  Am.  Chem.  Doc.  63,  2635  (19U1). 
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of  zinc  and  halo  nitro  compounds.  The  analysis  of  the  crude  white  precipitate 
is  inconclusive,  because  the  white  precipitate  in  some  cases  is  halo gen- free, 
and  in  other  cases  contains  some  halogen.  Since  treatment  of  the  white  pre- 
cipitate with  mineral  acid  gave  ketones,  tho  following  explanation  for  forma- 
tion and  structure  is  proposed* 

IfOg  NO-ZnOH 

CH^CC HpCH j, COOCH^  + 2Zn 3 CH^O-CHpCHjCOOCH^ » CH^CCHpCHjjCOOCH^ 

Cl  0 

This  structure  would  explain  tho  ratio  of  the  reactants,  tho  formation  of  an 
insoluble  metal  com,  lex  containing  nitrogen,  and  the  easy  conversion  of  the 
metal  complex  into  methyl  h-keto-valerate  upon  treatment  with  mineral  acid, 

(3)  Other  compounds  react  in  the  same  ratio  with 
Zn  an  retorted  for  methyl  u-nitro-U-chlorovalerate,  For  example,  2-chloro- 
2-nitropropono  forms  a white  precipitate  in  fair  yiold  with  sine,  1-bromo- 
1-nitroeyciohoxane  reacts  rapidly  in  10$  alcohol  solution  and  without  solvent 
in  an  almont  explosive  manner;  and  methyl  h-chloro-h-nitrohoxanoato  forms  a 
white  precipitate  in  good  yield.  Gem  dinltro  compounds,  such  an  3,3-di.nitro- 
pentano  dimethyl  urethane  or  3, 3-dinitro-l,5-pontano  diamine  dihydroohlorido 
also  react  in  the  same  manner.  However,  since  this  work  did  not  proceed  in 
tho  desired  direction,  no  further  effort  is  planned  along  these  lines. 

b.  Experimental 

(1)  Methyl  h-Nitro-U-chlorovulerate  and  Zina 

(«0  A three-necked  flask  provided  with  a 
thermometer,  stirrer,  and  reflux  condenser  was  charged  with  19.6  g methyl 
li-nitro-h-chlorovplerato,  100  ml  methanol,  10,2  g Bine  duet  and  5 g ammonium 
chloride.  Tho  mixture  was  stirred  vigorously.  The  temperature  rose  to  U8°C 
and  a white  precipitate  wan  formed.  The  mixture  wan  kept  stirring  for  10 
minutes  at  6o°C  until  nil  zinc  metal  was  consumed.  The  mixture  was  then 
cooled,  and  tho  procipitato  was  collected  and  washed  with  methanol  and  ether. 
The  yield  was  10  g of  white  crystals  carrying  a high  eleotrle  ohorge,  analyzed 
without  further  purification. 

Anal.  Calc 'd  for  C^NO^Zm  tC,  3l.8l|  $H,  8.90;  $N,  6.10;  %Zn,  28.06 

Found*  $C,  32.140;  #H,  3.02;  $N,  6.11;  $Zn,  22.01 
(b)  Hydrolysis 

Ten  g of  the  dry  white  precipitate  was 

suspended  in  100  ml  water,  and  hydrochloric  acid  was  added.  The  precipitate 
diefcolved  quickly  to  form  a blue  solution,  from  which  an  oil  suddenly 
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separated.  The  oil  waa  extracted  and  distilled  in  a bulb  tuba  at  60°C  air- 
bath  temperature  and  5 nun  pressure. 

Anal.  Calo’d  for  C-d-L^Oy  %t  55.37;  ,«H,  7. 7b;  tfOCHy  2h.b0 

Found t !<C,  55.51;  fta,  7.79;  #)CHV  23.29 

(r)  Tdenti fleet ion 

Two  grams  of  the  oil  obtained  under  (b) 
was  treated  with  a filtered  solution  of  3 g sarnie srbazide  hydrochloride  and 
3 g sodium  acetate  in  70  ml  methanol.  After  evaporation  of  the  solvent  a 
crystalline  compound  was  obtained,  which  after  reorystallizatlon  from  water 
had  a molting  point  of  1I48  to  ll49°C.  The  mixed  malting  point  with  methyl 
h-kotopentanoate  was  not  depressed. 

Anal.  Calc«d  for  C^H^O^!  Jfc,  UU.91j  %H,  7.00;  *N,  22.U5 

Found  1 He,  145.31;  *H,  7.0 9;  5*N,  21.78 
(2)  l-Dromo-l-nitrocycIohexane  and  Zinc 

(a)  A three-necked  flask  provided  with  a 
stirrer,  thermomotor,  and  reflux  condenser  was  charged  with  20.8  g bromo- 
nitrocyclohoxane,  10.2  f,  zinc  dust,  10  g ammonium  ohlorlde,  and  ?50  ml 
methanol.  The  temperature  rose  to  h5°C  and  a white  precipitate  was  formed 
instantly.  After  10  minutes  refluxing  all  zinc  metal  was  consumed.  The 
mixture  was  cooled,  and  the  precipitate  was  colleotod  and  dried  in  a desic- 
cator. The  yield  was  18  g. 

Anal.  Found!  ,«C,  30.27;  ;<H,  5.17;  5tN,  9.39;  !*Br,  22.0U. 

(b)  Hydrolysis 

Ton  g of  the  precipitate  wan  suspended 
In  100  ml  water,  and  hydrochloric  acid  was  added.  The  precipitate  dissolved 
arid  eyclo'noxanone  odor  was  noticeable.  The  water  phase  was  extracted  with 
other,  and  the  ether  was  removed.  The  yield  was  5.2  g.  This  oil  was  con- 
verted into  tho  ooinlcarbazono  by  trusting  it  with  a clear  solution  of  5 g 
Hemic arbazide  hydrochloride  and  5 g sodium  acetate  In  100  ml  methanol.  The 
oomiearbazono  formed  had  a meltin';  point  of  169  to  1 70°C  after  recrystalliza- 
tion  from  water.  The  mixed  melting  point  with  cyclohexanone  somicarbazone 
was  not  depr^ssod. 

9.  2-Mitro-l-propyl  p-Toluenosul Connie 

a.  This  new  compound  was  reported  to  melt  at  7h  to  75°C.* 
It  hus  now  been  purified  and  analyzed. 

*In  Aerojet  Report  No,  663,  p.  6 9. 
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b,  A sample  was  prepared  as  previously  described.  It  was 
roorystfllllaed  from  methanol,  then  from  lsopropanol,  from  bensene-cyclohexane, 
and  finally  from  lsopropanol  to  yield  colorless  chunky  plates,  mp  7/  to  78°C, 

Anal.  Calc  «d  for  C^H^NCySi  £N,  5.U0;  % 3,  12.3? 

Found t 'AN,  5,l6j  tS,  1?. 37 
10,  ^tUtU-Trlnltrobutanal 

a.  The  2,L-dinitrophenylhydraaone  of  this  aldehyde  was 
reported  previously.*  It  has  boon  purified  and  analyzed, 

b.  The  original  sample  (0,0  g)  was  recrystallisjed  twice 
from  absolute  ethanol  (5 0 to  70  ml)  yielding  fins  yellow  needles,  mp  162  to 
163°C, 


Anal.  Calc 1 d for  C^H^O^t  gN,  25.32 

Found i gN,  25.05 


F,  NITROSAIUNES 

1,  Introduction 


In  comparison  with  the  high-energy  nitramino  group,  the  nitro- 
aamino  group  does  not  make  an  outstanding  contribution  to  the  spocifio  impulse 
of  a given  compound.  Consequently,  the  nitrcsamines  are  not  particularly  inter- 
o sting  for  use  in  nitropolymer  work.  However,  the  nitrosamlnes  are  readily 
available  from  the  free  amine  or  amine  salts  by  the  action  of  nitrous  acid,  and 
the  development  of  a general  method  for  thoir  conversion  to  nitrsminos  would 
make  a number  of  highly  desirable  nitramines  available  which,  at  present,  cannot 
bo  prepared  by  other  means.  The  preparation  of  throe  nitrosamlnes  - b,7,10-tri- 
nltroso-U,7,10-*trlaza-l,13-trldocane  dlnitrlle,  di-(p-carboxyothyl)-nltrooumlno, 
and  di-(p-cyanonthyl)-nltroRarolne  - is  described  in  this  report.  A series  of 
attempts  to  oxidize  di-(p-cyanoethyl)*nitrosawine  and  U , 7-dlnitroso-U, 7-diaza- 
.1, 10-decane  dlnitrlle  to  the  corrosi  ending  nitrwnlnos  are  also  described, 

2 . Preparation  of  b, 7, 10-Trinit roso-U, 7,10-trlaza-l,13-trldocane 
Dinlirile 

a.  Discussion 

U, 7,10-Trinltroeo~l!,7,10“trlaza-l,13-trideoar»  dint- 
trile  was  prepared  from  the  trls-nitric  acid  salt  of  h, 7, 10-triaaa-l, 13-tri- 
decane  dlnitrlle  by  the  action  of  nitrous  acid.  This  nltrosation  was  carried 
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out  for  tlie  purpose  of  assaying  the  nitric  acid  salt.  The  very  1 cm  yields 
which  had  been  obtained  in  the  nitration  of  this  salt41"  suggested  that  It 
possibly  oxisted  as  an  isomeric  mixture.  The  nearly  quantitative  yield 
of  the  trinltroao  derivative  verified  the  purity  of  the  salt. 

b.  Experimental 

A solution  of  119.1)  g (0.3  mole)  trie-nitric  aoid 
salt  of  U,7,10-trinza-l,13-  rldecane  dinitrilo  in  UOO  ml  waEor  was  prepared 
by  warming  the  mixture  to  90°C.  The  solution  was  acidified  with  2 ml  con- 
centrated hydrochloric  acid,  Hud  a solution  of  6?  g (0.969  mole)  9?#  sodium 
nitrite  in  100  ml  wator  was  added  in  a line  stream.  Sufficient  heat  was 
evolved  to  maintain  the  temperature  at  90°C  during  the  5 to  30-mln  period  of 
addition.  Additional  hydrochloric  acid  (cn  J>  ml,  added  in  increments)  was 
required  to. main tain  the  reaction  mixture  on  the  acid  side.  The  mixture  wao 
warmed  at  90  to  95°0  with  continuous  stirring  for  two  hours . The  product 
layer  solidified  when  the  mixture  was  chilled  to  0°C.  The  product  wan  col- 
lected by  filtration  and  recrystallized  from  2075  ml  mnthanol.  After  drying 
in  a vacuum  desiccator  over  phosphorous  pentoxide,  the  h,7,10-trinitroso~ 
b, V,10-triaze-l,13-tridecano  dinitrile,  rap  87,5  to  89°C,  weighed  0U.6  g, 
oorrospondin  to  9b. fl#  of  the  theoretical  yield.  A purified  sample,  mp  90 
to  92°C,  was  prepared  for  analysis  by  successive!  recrystallizationn  from 
methanol  and  ethyl  acetate. 

Anal,  Calc ’d  for  C^H^NgOy  bo. 53}  #H,  5.bb;  ,tN,  37.82 

Found i %C,  b0.b3j  ttt,  5.b0{  #N,  37.00 
3.  Preparation  of  Di-(B-carboxyethyl)-nitrofltiralne 

a.  Discussion 

Dl-(fl-earboyxethyl)-nj  trosaraine  wao  prepared  for  the 
purpose  of  establiehin/  the  structure  of  di-(p-carboxyothyl) -amine  hydro- 
chloride. The  latter  was  obtained  by  the  hydrolysis  of  the  corresponding 
dinitrtle  and  wan  contaminated  with  ammonium  chloride  (Soction  V,ir.,1).  Be- 
cauao  this  mixture  was  not  readily  nepitrablo,  and  it.  gavo  no  water-insoluble 
product  on  uttompted  conversion  to  di-(P"CurlH>xyethyl)-nitramlno  by  nitra- 
tion, the  presence  of  the  dl-(p-cnrboxyothyl)-Hmino  hydrochloride  was  provod 
by  conversion  to  the  nltroao  derivative. 

b.  Experimental 

A solution  of  66  g ( l/3  mole)  crude  di-(p-carboxyethyl)- 
amine  hydroahloride  in  50  ml  water  was  heated  to  90°C,  1 ml  concentrated 
hydrochloric  aoid  was  added,  and  a solution  of  23  g (0.323  mole)  97#  sodium 
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nitrite  in  35  ml  water  wa*  added  at  90  to  9?°C  during  a 10-min  period,  A email 
additional  quantity  of  conoontrnted  hydrochloric  acid  was  required  to  maintain 
tho  pH  of  the  solution  on  the  acid  side.  Stirring  was  continued  for  1-1/6  hr 
while  the  temperature  wag  held  at  90  to  95°C»  When  tho  solution  was  chilled  to 
0 to  5°C,  6 g white  solid  separated,  which  was  identified  as  ammonium  chlorido. 
The  filtrate  wan  extracted  throe  times  with  100-ml  portions  of  ethyl  acetate. 

Tho  combined  extracts  were  dried  over  anhydrous  sodium  sulfate  and  distilled 
in  vacuo.  The  lh-g  solid  residue  melted  at  92  to  9hnC,  The  continuous  ex- 
IracTfon  of  the  reaction  solution  with  ethyl  acetate  for  s 21-hr  period  yielded 
nn  additional  9.5  g of  product.  Tue  23.5“g  yield  corresponded  to  37.1^  of  tho 
theoretical,  on  the  baeie  of  pure  di-(p-carboxyethyl)-amine  hydrochloride. 

Three  reerystallizations  of  a sample  of  the  di-(p-carboxyothyl)-nltroeamine  from 
othyl  acetate  gave  a purified  material,  mp  96.5  to  9?.5°C* 

Anal.  Calc'd  for  C^l^NgO^*  %C,  37.09;  ;<H,  5.30;  )SN,  16.76 

Found*  %,  37.77;  |*H,  5. 36;  /.N,  l6.?6 
Ll . Preparation  of  Di-(p-cyanoethyl)-nltros amine 

a.  Discussion 

Di-(p-cyanoethyl) -nitron amine  was  prepared  in  (\9%  yield 
by  tho  action  of  nitrous  acid  on  di-(p-cyanoethyl)-amlno.  Thle  nitrosomine 
was  donirod  for  use  as  a model  in  oxidation  experiments  with  tho  purpose  of 
developing  a proceor  for  the  preparation  of  nJtraminea, 

b.  Experimental 

Concentrated  hydrochloric  acid  (50  ml,  0.6  mole)  was 
added  dropwiso  witli  stirring  to  76  g (0.6  mole)  di-(p-cyttnoethyl)-nmine  wh'le 
maintaining  tho  temperature  below  80°C.  A suspension  of  66  g (0.666  mole) 

97%  sodium  nitrate  in  60  ml  water  was  added  during  a l5-min  period.  The  tem- 
perature was  maintained  at  fiO  to  85°C  without  external  heating.  Additional 
hydrochloric  acid  was  required  following  tho  complete  addition  of  the  sodium 
nitrite.  Stirring  wac  continued  for  10  min  while  tho  temperature  wan  hold  at 
90  to  95°C  by  means  of  the  steam  hath.  When  tho  reaction  mixture  was  chilled 
to  0 to  5°C,  tho  product  layer  crystallized.  The  solid  was  separated  by 
filtration  and  pronnod  an  dry  as  possible.  Recrystallization  from  600  ml 
methanol  followed  by  thorough  drying  over  phosphorous  pentoxido  in  a vacuum 
desiccator  yiolded  01.3  g dl-(p-cyunoothyl)~nitrosfunino,  mp  66  to  66.5°C, 
corresponding  to  $9%  of  the  theoretical.  Three  recrystallizatione  of  a sample 
of  tiie  product  from  methanol  did  not  alter  the  molting  point. 

Anal.  Calc'd  for  C^HgNj^Os  %C,  67.36;  %H,  5.30;  *N,  36.83 

Found*  5fc,  67.66;  5<H,  5.65,  37.62 
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$•  Attempted  Conversion  of  Nitrosamlnog  to  Nliramincp 

The  value  cf  a general  method  for  converting  nit  ros amines 
to  nit nominee  has  become  exceedingly  apparent  with  unsuccessful  or  unsatis- 
factory attempts  to  obtain  di-(p-cyenoefchyl)-nitramine,  di-(p-carboxyethyl)- 
nitramlne,  and  UjTdlO-trinitro-li.TjlO-triaza-l.lS-trideonne  dinitrile  by 
direct  nitration.  On  the  other  hand,  the  corresponding  nitrosnminoB  were 
readily  obtained  by  the  action  of  nitrous  acid.  A number  of  experiments  have 
been  carried  out  on  U, 7-dinitroso-h, 7-diaza-l, 10-decane  dinitrile* 
di-(p-cyanoethyl)-nitrosamine  in  attempts  to  oxidize  there  nitrosamines  to 
the  oorre spending  nitramines.  h,  7-Dinitroao-h, 7-diaza-l,  10-decane  dinitrile 
was  chosen  an  one  model  for  these  experiments,  as  the  corresponding  nitro 
compound  and  nitro  dicarboaylic  acid  have  been  characterized. **  Di-(f5-cyano- 
ethyl)~nitroaamine  was  used  as  the  second  model  because  of  its  simpler 
structure.  Thus  far  all  attempts  to  oxidize  the  nitrosaminea  have  been  un- 
successful, The  results  of  these  test*  are  given  in  Tables  XXXII  and  XXXIII. 

VI,  SPIA  DATA 

A Solid  Propellant  Information  Agency  data  shoot  has  boon  compiled  for 
polyurethane  I-J,  from  2-nltro"2~methyl-l, 3-propanediol  and  3,3-dinitro- 
1,5  pentane  diisocyanate,  and  is  presented  as  Appendix  A. 
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provided  for  any  iU>,  aitaoh  eeparate  sheets. 

Polyurethane  of  3j3“dlnltro- 
COM  POUND:  1 iS-pent  lined  i looey  an  ate  ♦ 2-nitro- 

Ns  mo  2-matnyl-l,  3~propanadl oi _ 

Empirical  torrculx  fCl tH~| ?N^j[nT'  

8tructviro:(aonflfur«tTon)  ' " 

~jriumnm. 


t ooepnuni  fert&er.  After  pine Ins  enoh  Imfomootcn 
teeied  on  ano  of  these  ferae,  ml  it  to  801Z0 
«,  Oliver  Spring,  FtaryionA.  At  additional  infer- 
‘ f am  it  • later  date . fh#  laferaabloa 

l«o*e-l*af  Hanoi  fora.  fktN  foron 
pertaeatai  etuaiee.  Extra  ooplee  ora  available  upon 
tboo#  forao  ora  invited.  if  laonfflsiont  ifuo  to#  boon 


ll  AH3 


A H lo2  H 


Information  submitted  bp*. 

Activity  Aerojet  Engineering  Corporation 
Parson  J.  R.  Flacher.  R.  Pftrrfltte 
Data  


1. 


a. 


Pr. par, Hon  r«.clton|.):  nlbOH-OHiCHa-Cl  NOg)  g-CHg-CHg-NCo]  ♦ n[HO-CH2-C(CH})4lO  j-°HgOlT| 
■ — — 


Quantitative  analysis:!*  by  *el*ht) 

Carbon 

Calculated  from  formula  34.83 
By  determination  ig.PH 


Oxygen 


Nltrossn 

18.1*7 

non 


Burning  properties:  (ccwpvr-d  to  tiltroeeUulase,  under  nttrofen  at  etaospherlc  preaeurei) 

(fetterT 


TI555T 

*.  Stability  and  Sensitivity:  riot  any  gre*>hs  on 

separate  ebeet 


reelSuef  ein.) 


Name  of  teat 

a.  Impact  SenaTTlvity 

b.  Thermal  SUbllity 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 


Recommended 

•jsmrryiFR 


method 


Pieeus*  eethnde  ueed  when  they  vary 
trm  referenoee.  01  ve  temper* ture  ueed . 
(Dee  eeperete  eheet  If  neoeeeery.) 


OESSI  methyl  violet  ss»or  ~ 


00 RD  3401  p.S 
00 RD  3401  p.10 

06 RD  3401  p.S  

e.  Temperature  of  Ignition  ..  BIRD  3401  p.S  ...  ~ 

f.  Thermal  Stability,  6g«f?C  Plcatlnny  Arsenal  N3,  lliOlf  ItJ-pTEBpT* , fl'J  ~At&r?’n  paper. 

*•  Lnpa^  SLihlllty  — Buraau.  of  JUnea,  Bull^No*.  T&*  !M  ahotfi. 

h*  Impair  ^tuivi  1 1 »j>  . Same— aa-tu-e— Imt  with  ,.V0  aandpapor  on  anvil. 

MMiILflt  ABOyi. 


Reference  compound  _ 

(deelgnatlee-TMr,  Tetryl,  X.C.,  etoT) 

a.  __  

k.  Nlfcv bea-S. jgfhx. jlq_ coloF  _ 

c.  

d.  


New  Compound  test  results 


e.  

f.  ~NHrocelluloBe.  10  min,  no  color 

K*  Rni.,.,28  r.m*  compnaitlfliiAa-  -g  1JU  win 
Rnr~  33  om;  compoaltlon  A.  hS  cm 


No  color.  5 hr 


h. 


-alilLXSL 


iJilQ-ua. 


4.  Meet  of  formation:  (AM)  ♦ ^^23^  Kg.  calories  at  3SX5.,  1 atm.  in-casure 
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Raof.Td;.  No.  AR6 
' * 

SPIA/MS 


Bv  Experiment  By  Calculation  Method 

. (Scat  if  »»e»»«a». 

6.  Boers?  sspiosian  iQJ  cal/gm 

let  ib<*\  H^o  iiquia)  — ■ — — — “ — ■— 

8.  Heat  of  combustion  (Hr)  3625  cal/gm  3^55  Aerojet  Report  UK  A 

(at  2?*n.  h2o  liquid) 

7.  Specific  impulse  (IBp)  calc: ______  Ib-sec/lb  

8.  Phyalcal  form  of  compound (tlarnun  llo  uits , rryatall'n.  tyne,  ate.)  White,  amorphous  powder. 

Can  bo  molded  Into  jLirhl-volIow,  clear,  pluntlc  gpaclmcn.  , ■ 


8,  Simple  mlcroacope  analysis  data:  

(oryetal  etudiea) 

1Q1  n.n.j^Manrn  Mwthnd)  1_ - 1 ih  l g m /r m3 . (Micro  or  othar  aathod)  . 

"**  (exnlain  on  aaparata  ahaat  any  unique  methods  you  uii, 

11.  Index  of  refraction:  ) 12.  Color  white 13.  Odor 


gm/cm3. 

None 


14.  pH  at  25“C.  e H (Method  reference  CHRP  3401  n.4,  or  CORD  V#>*.  Indicate  sethod  uaed,  l.a. 

advent  a niT cor.  ear?  re IT one  ua*d.  pH  indioator  nener  or  Daokaan  pH  aeter.)  IVfltor  _ 

Sahucutod  -^--aUaiu-  .fiflcjanan..  instaE* _ — — 


Reference 

Compound 

( deeignatlon  ) 


fTT  olhefTKan  teloa  itiTTi «Ti  art  usaJ7 
explain  on  aaparatn  ahact. ) 


(a)  Tha  ample  (approx,  5-10  a,  of  whole  grain  mil  powder  or  1 groin  or  lar*a  powder)  la  placed  in  a 
plat*  weighing  bottla.  Tha  weighing  hottl*  (cover  removed)  la  pieced  In  a venuue  drying  oven  for  5 hri. 
0 55*^.  Restive  weighing  bottla  from  oven,  rover  with  glees  itopnar,  rool  in  a rtaalorator  and  weigh 
aocurataly.  This  1*  taken  aa  original  dry  weight  of  eenple.  Than  placa  weighing  bottla  (cover  reported) 
In  » h'lal dor  (a  10- In.  dtaleoatw  la  a aatiafaotory  veeael)  containing  1 lltar  of  L8.6t,;)i  HjSO,. 

(Thia  glvwa  relative  humidity  90-.?5<).  Plaoa  In  an  cr.«n  maintained  at  30*2°C,  On  tha  fourth  day 
rewove  weighing  bottla  froe  tha  humidor,  ooaar  with  glaaa  wtopner,  cool  In  ■ daalnoator  and  weigh. 

Than  raturn  to  husidor  for  24  houre,  oool  and  rwwwlgh.  Continue  daily  weigh  Inge  until  oonatant  weight 
indicate*  awaple  hae  rwaohad  equilibrium  with  OOf  F.K,  Tha  % weight  increase  ia  than  ranortad  aa 
hygrpsooplolijr  of  the  eenple. 

(b)  An  alternate  laathod  U in  CBRT>  3401  p.3. 


15.  Hygroscopic.Hy: 

New  Compound 

Visible  changs  on  exposure 

to  ambient  air. __ 

% wt  Increase  by*T»T  or  (b) 

(Strike  out  eat  hod  (a)  of  ft)  if*  not  used . ) 
♦Method: 


10.  Volatility: Kaporl  aa  rat#  of  loaa  in  at  % par  unit  i-ea  (for  liquid  aamplaa  maaaura  tha  aurfaoe  area)  for 
aollda,  tha  sample  whould  be  eoreenwri  batwaan  100-120  awwh  I). 3,  ilUndard  certified  aleve)  per  4 hr*,, 
after  oonatant  rata  of  loaa  la  obtained  during  thraa  roneeoutlv*  4-hr.  perloda  at  (a)  25^1  In  a vaaaai 
through  which  a atreae  of  dry  air  la  forced,  (b)  In  an  erven  at  M,3«r  r»  (r)  under  other  teat  eethod  or 
eondl  tlogui.  


(Deaorlptlan  or  rafaranoa  to  other  teat  or  conlftTona  uaad.  I)aa  aepairate  "ehaat'lf  neoaaaejry,) 
Volatility  results  on:  New  Compound  Reference  Compound 


fifssighalTo  nT 


d 

b. 

c. 


s. 

b. 

c. 


17.  Boiling  point,  or  decomposition  temperature:  _ _ 

(underline  which  tenperature  la  reported) 

18.  Heat  of  Vaportiatton: g-cal./gm 


■c. 


BTU/lb, 


18.  Heat  of  Fusion’  ___  g-cal./gm BTU/lb. 

20.  Melting  peiau *C.  Softmiln^  point  rnngo,  60  to  65 °C. 
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SI.  Solubility  of  new  compound: 

< Q.oi */ioo  mi  Hjo  lit  a**e. 


Q.Q16 


0.050 


iLQlL 


g/100  ml  toluene  -,  , 

(nan*  Malarial  uaad  m aolvani) 

g/ioo  ml  n- heptane 

uTSS?  «ToI  *5ST 

*/100  m!  jagihinol— , r_ 

(rmaa  Mtor  1*1  uaad  aa  aolvani] 

g/100  ml  chlorofom  

(nas«  witerlftl  ua*<!  a*  aoivanil 


g/100  ml  HgO  at . 
at 

at 


at . 

at 


Vary  soluble  in  ethyl  acetate  and  acetone. 
aa’  Infrarod  Tr anemia eion  Curve 


Report  No.  686 

SMA/lMS 


•c. 


21 


21 *c- 


-25-— •c- 


.-21— *c. 


Wav*  length  In  Mlaron* 


Polyurethane  I-J  film, 0.0003  In.  thick.  2-Nitro-2~mothyl-l, 3-propmmdlol 
with  3.3-dinltro-l,5-ptintanu(llloocyanate.  12-mln  scan. 
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bpu  /m 


at. 


Dtxltr  ootids  tab! llty  ■■  er*  ooneldaring  tha  ability  of  tao  o'aaoounda  to  ba  In  Intlwete  contaot  (Not* 

081®  9*58  p,  71-22)  owr  a Iona  period  of  tin*  without  adverse  effect*  on  althar  th-  ehewical  or  phyeloal. 
nrowatiss  of  althar  ■atariel,  Th»ee  taat*  will  urobably  ba  of  varied  extent.  Tbay  wight  be  tear  of 
th*  follealnfi  (t)  titandsrd  ntabllity  taata.  (b)  3i*ol*  abtsrvatlons  of  icudst-lon  or  eepermtioo  at 
esblert  or  aoeelaritad  temperature,  (e)  Prepare  thin  ahaata  (.025"  think,  1®  apuera)  of  tha  pleetiel**d 
aatariai,  Separate  th*  *h*ata  with  .trine  of  rlgaratt*  pephr  or  carbon  paper  am)  eaeiproea  tha  et«ok  Id 
• «n»  nlaap.  After  aeaaral  day*  note  tha  oily  oollactlon  on  tha  caper,  Plaaaa  flva  rafarano*  to  or 
deaorlba  orooadur*  uaad.  Haw  28  la  to  Indicate  raaulta  «h*n  tha  eownourid  la  In  contact  with  aowa  naterl- 
*1  other  than  ethyl  cellule**,  nltrocrlluloea  or  rubber.  Test  performed  by  dissolving  Uurtipla 
and  standard  In  a common  solvent,  drying  rapidly  on  a glass  plate  and  examining 
the  resulting  film  for  clarity  and  nomojenoity. 

Compatibility  with  ethyl  cellulose: ________ __ 


II.  Polymerising  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  In  mixtures  (*TfK  *<Miti»ee) . 

(c)  Inhibiting  action  on  polymerisation  of; 

Thtokol  _ __  

Methacrylate  _ _____  ___ __ 

Other  compound? 

18.  Availability 

a.  Amount  now  available?  Reaearah  quantities. 

b.  When  wee  available  materTar  ((rat  prepared? 

c.  Amount  prepared  at  that  time?  2 

d.  In  Large  production  feasible?  _ _ 

e.  Plant  capacity  In  existence,  lbs/Say?  

f.  Outline  steps  for  a quantity  production  method 


S9.  Additional  Information:  (toxicity,  haaafda,  datarl oration,  oxygen  balance,  detonation  rate,  explosive 

power,  aaaa  of  hydrolyele  by  water,  eto,  Uet  rafaranoae,  report.,  date  books,  eto.  that  rafar  to  the 
conpouad.)  . 
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APPENDIX  P 

MOREHOUSE  SPEEDLINE  MILL 


^k>A  m— MMMlfcLMM— »'  J 


| 


Report  No®  686 


A new  Morehouse  Speedline  mill  has  been  acquired  for  the  precipitation 
of  nitropolymers  from  solution.  The  precipitation  of  lamer  amounts  of  nitro- 
polymers  can  be  conducted  in  a short  time. 


FI  r^ure 

Morehouse  Speodline  Mill 
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INITIAL  DISTRIBUTION  OF  T.ilS  REPORT 


ADDRESSES  HO,  Of  COPIES 

Commanding  General 
Aberdeen  Proving  Ground 
Maryland 

Attn:  Ballistic  Research  Laboratories 

ORDBG-BLI  . 2 

Department  of  tho  Army 
Office,  Chief  of  Ordnance 
Washin  ton  2^,  D.  C, 

Attn:  ORDTU  2 

Department  of  tho  Army 
Office,  Chief  of  Ordnance 
Washington  2S‘,  D.  C. 

Attn:  ORJ3TX-AR  ' 2 

Officer  in  Charge 
Office,  Ordnance  Research 
2127  Myrtle  Drive 
Duke  University 

Durham,  North  Carolina  3 

Commanding  Officer 
Picatinny  Araenal 
Dover,  New  Jersey 

Attn:  Library  2 

Co  Mianding  Officer 
Redstone  Arsenal 
Huntavillo,  Alabama 

Attn?  ORjG  Technical  Library  2 

Department  of  tho  Air  Force 
Hq.  USAF,  DCS/D 
Washington  ?£,  D.  C. 

Attn:  AFDRD-AR  1 

Department  of  tho  Air  Force 
Hq.  USAF,  DC3/D 
Washington  2!?,  D,C. 

Attn:  AFDRD-AO-3  1 

Col,  Paul  F.  Nay 
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Commanding  General 
Wright-Patterson  Air  Force  Bane 
Layton,  Ohio 
Attn i WCEGH-2 

Commanding  Genera] 
Wrighl-Patteraon  Air  Force  Duee 
Dayton,  Ohio 
Attn?  WGLPN-3 

Allegany  Ballistics  Laboratory 
P,  0.  Box  210 
Cumberland,  Maryland 
Attn?  Dr.  L.  G.  Bonner 

Armour  Research  Foundation  of 
Illinois  Institute  of  Technology 
Technology  Center 
Chicago  .16,  Illinois 
Attn?  Pr.  L,  V.  Griffis 

Atlantic  Research  Corporation 
812  North  Fairfax  Street 
Alexandria,  Virginia 
Attn?  Dr*  A.  C.  ScurLock 

l).  S.  Bureau  of  Mines 
I48OO  Forbes  Street 
Pittsburgh  13,  Pa. 

Attn?  Dr.  Bernard  Lewis 

Cornell  University 
Dept,  of  Chemistry 
Ithaca,  New  York 
Attn?  Dr.  F.  A.  Long 

E.  I»  du  Pont  de  Nemours  and  Co. 
10th  nnd  Market  Streets 
Wilmington,  Delaware 
Attn?  W.  F.  Jackson 

Dr.  A.  M.  Ball 

Hercules  Experiment  Station 

Wilmington,  Delawmro 
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1 
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1 


1 


1 


1 


1 
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i 

ADDRESSEE 

NO.  OF  COPIES 

t 

Jot  Propulsion  Laboratory 
U800  Oak  Grove  Drive 
Pasadena  3*  California 
Attni  Dr.  Louis  G.  Dunn 

2 

The  M.  W.  Kellogg  Company  * 

Ft*  of  Danforth  Avenue 
Jersey  City,  New  Jersey 
Attni  SheusI  Bais 

1 

Arthur  D.  Little,  Inc. 
30  Homorial  Dr^  ru 
Cambridge  b2,  Masfie 
Attm  Dr.  C.  8.  Keevil 

1 

Arthur  D.  Little,  u, c. 

10  Memorial  Drive 
Cambridge  li2,  Mass* 
Attni  Dr.  W.  C.  Lothrop 

1 

w 

Tho  Olenn  L.  Martin  C-onpany 
Baltimore  3,  Maryland 
Attni  Mr.  S.  P.  Oualillo 

1 

Midwest  Ron a arch  Institute 
hoh9  Pennsylvania 
Kansas  City,  Missouri 
Attni  W.  Sherman  Dili am 

1 

University  of  Minnesota 

Oak  Stroet  Laboratories 

2013  University  Avenue 

Minneapolis,  Minnesota 

Attni  Prof.  B.  L=  f<i awford,  Jr. 

1 

National  Fireworks  Ordnance  Gorp. 
West  Hanover,  Massachusetts 
Attni  Mr.  S.  J.  Porter 

1 

Dr.  Harold  Sliechter 
Department  of  Chemistry 
Ohio  State  University 
Columbus,  Ohio 

1 

t 

Ohio  State  University 
Resoorch  Foundation 
Columbus  10,  Ohio 
Attni  Prof.  Kl.  L.  Ws-lirom 

1 
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Phillips  Petroleum  Company 
Bartlesville,  Oklahoma 
Attnt  Mr.  J.  P.  Aldan 

Project  Squid 
Princeton  University 
Princeton,  New  Jersey 
Attm  Librarian 

Purdue  University 
Dept,  of  Chemistry 
Lafayette*  Indiana 
Attm  Dr.  Henry  Feucr 

Rohm  & Haas  Company 
5000  Richmond  Street 
Philadelphia  37,  Pa, 

Attnt  Dr.  J.  F.  Kincaid 

Rohm  At  Haas  Company 
Redstone  Arsenal  Research  Div. 
Huntsville,  Alabama 
Attm  Dr.  Clayton  Huggett 

Solid  Propellant  Information  Agency 
Applied  Physics  Laboratory 
Johns  Hopkins  University 
Silver  Spring,  Maryland 
Attnt  Mr.  Ross  H.  Petty 

Standard  Oil  Company 
Research  Department 
P.  0.  Box  h31 
Whiting,  Indiana 
Attm  Dr.  W.  H.  Bnhlke 

Thiokol  Corporation 
Redstone  Arsenal 
Huntsville,  Alabama 
Attm  Mr.  W.  R.  Ignatius 

Thiokol  Corporation 
700  No.  Clinton  Avenue 
Trenton  7,  New  Jersey 
Attnt  Mr.  H.  R«  Ferguson 


1 


1 


3 


1 


6 


1 


1 


1 
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Thiokol  Corporation 
Research  and  Development  Dept. 

780  N.  Clinton  Avenue 
Trenton  7,  Now  Jersey 

Attn:  Mr.  E.  M.  Fettea 

U.  S.  Rubber  Company 
General  Laboratories 
Market  and  South  Streets 
Passaic,  New  Jersey 
Attnt  Dr.  P.  0.  Tawney 

Western  Cartridge  Company 
East  Alton,  Illinois 
Attn:  Mr.  R.  L.  Womer 

British  Joint  Sorvicoo  Mission 
Technical  Services 

1900  K Street,  N.  W. 

Washington,  D.  C. 

Attn:  Dr.  L.  Phillips 

Department  of  tho  Navy 
Bureau  of  Aeronautics 
Washington  25,  D.  G. 

Attn:  SI-5 

Department  of  tho  Navy 
Bureau  of  Ordnance 
Washington  25,  Ii.  C. 

Attn:  Ad3,  Technical  Library 

Department  of  the  Navy 
Bureau  of  Ordnance 
Washington  25 , D.  C. 

Attn:  Re2a,  LCdr.  C.  W.  Heck 

Department  of  the  Navy 
Buroau  of  Ordnance 
Washington  25,  D.  0. 

Attn:  Section  Re2d 

Commander 

U.  S.  Naval  Air  Missile  Test  Center 
Point  MugUj  California 
Attn:  Technical  Library 
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ADDRESSEE  NO,  OF  COPIES 


Commanding  Of  ficer 

U.  S.  Naval  Air  Rocket  Teat  Station 

Lake  Denmark 

Dover*  New  Jersey 

Attm  Technical  Library  1 

Commanding  Officer 

U.  S.  Naval  Powder  Factory 

Indian  Head,  Maryland 

Attns  Research  and  Development  Dopt.  2 

Commander 

U.  S.  Naval  Proving  Qround 
Dahlgren*  Virginia 

Attn*  M.  I,  Divieion  1 

Commander 

U.  S,  Naval  Ordnance  Laboratory 

White  Oek 

Silver  Spring,  Maryland 

Attn i Library  2 

Commander 

U.  S.  Naval  Ordnance  Teat  Station 
Inyokem,  China  Lake,  California 

Attnj  Technical  Library  Branch  3 

Director 

Naval  Research  Laboratory 
Washington  20,  D,  C. 

Attn i Chemistry  Divieion,  Code  3230  1 

Department  of  tho  Navy 
Office  of  Naval  Research 
Washington  2 D.  C, 

Attn i Code  U29  1 

Couth  Priding  Officer 
Office  of  Naval  Research 
Branch  Office 
8ltU  North  Rueh  Street 
Chicago  11,  Illinois 

Attn*  Lt.  (jg)  M.  C.  Laug  2 

Dr.  Elizabeth  F.  Riley 
Depai'tment  of  Chemistry 
Ohio  State  University 

Columbus  10,  Ohio  1 
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SECURITY  INFORMATION 


ADDRESSES 

Dr.  S.  R.  JUQhK&n 

California,  Institute  of  Technology 
Pasadena,  California 

Dr#  Jerome  Martin 
Commercial  Solvents  Corporation 
Torre  Haute,  Indiana 

Dr.  Roy  Sugimoto 
Ethyl  Corporation 
loOO  West  Eight  Idle  Road 
Ferndala  20 
Detroit,  Michigan 


Dr.  0.  D.  Beohman 
Department  of  Chemistry 
Purdue  University 
Lafayette,  Indiana 


Dr.  T.  L.  Brownyard 
Bureau  of  Ordnance,  Ra2c 
Department  of  the  Navy 
Washington  2$,  D,  C. 

Dr.  D.  V.  Siokman 
Explosives  Division 
Naval  Ordnance  Laboratory 
White  Oak 

Silver  Spring  19,  Maryland 

Dr.  William  Sager 
Department  of  Chemistry 
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